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(57) Abstract: It is intended to provide a cell fusion type vector having replicability with modified protease-dependent tropism. 
An M gene knockout virus vector encoding a modified F protein, in which the cleavage site of a paramyxovirus F protein has been 
modified into a sequence cleaved by another protease, is produced. When transferred into cells, this vector replicates genomic RNA 
carried thereby and thus extends the cell fusion type infection toward adjacent cells depending on the latter protease as described 
above but does not release any viral particles. Such a vector encoding an F protein cleaved by a protease the activity of which is 
enhanced due to cancer shows an effect of inhibiting caner growth in vivo 

(57) Wfi: *&Hfi. ^nxT-lftfcfftthPeXA^aBStifcBBBt^ftBBBftSl^^^-tttft-r 
So v^;bX0FgaHOBH«tt#ffi<D:7PT 

ARNAfcBBU B«O^Px7-4f0#ai=ft#LT»Br*B»lc«Bil^fifl!)B»ti£lf 4a&«, <5 
-f*X**ttfcfflLttl*. B-eBtt^3t«^4^PTT— if-CBB4*i4F«aB*3- K"f *- 
If. invivo-CBBBiqiM^fflS^'r. 
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(SeV) SrffiV^Jl^t&^^^-^W^SSrfToTtfco SeVtt 

1#*S„ fllfcff, BHK2lM^Mumps virus£j§lfe£« t , K^^-Cffi 
&%&&7tfrZ.b&m&£tl1t (Minato, N. et al. (1979) J. Exp. MecL 149, 
1117-1133) o ^Offi^^^^y^^/^X^^C^Il^^^^^ 
*lTV^ D Fusogenic protein^^&^SS £*VO^ 0 Galanisfefi 

„ measles virus CDF, HNS&W£^i6Lfcadehovirus vector;^ ^^bfc^^B 
Wv/yi/fl>i»MU in vivoT?t^&mfc$ft#L-CV3 (Galanis, E. et 
al. (2001) Hum. Gene Ther. 12, 811 1 821) 0 
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~ (uPA, tPA) &lK3e8L'fZ>Z.k&tobtlX\i y >Z> (Cox, G., and 0' Byrne, K.J. 
(2001) Anticancer Res. 21, 4207-4219; Andreasen, P. A. et al. (2000) Cell 
Mol. Life. Sci. 57, 25-40) . Z<DM&kLX. ftfttt#t&ftfltt-SllL %<D 
tt>V Kh 5 JNBjJ^-v h V y t * (ECM) «S £ & «<^^lti^T*# ftv 
> *tt-t©BCMSr^S|i-5i)* (MMP, uPA, tPA) Sr*5iU ECM##p-f5C: <b{c £ 

ftv\ 

%M©1^ 

&Tx<D&m m ©m- wt- % *ffc ft«M&»£*§k<* * * w©^^ & 

fc2o©a&£r*TLTV5o F (fusion) »6KttlM**fc J t©*£-X?fc5*IU& 
ifclfflto**** ^^l^^^K-lriNBJJ&S^fcH^-frSo HN (hemagglutini 
n-neuraminidase) £ 6 If WlfcMAf g £©/>< 7 5 i£i£t££ f> fife U 

mttls $4 ^X<D^y<v—7mmz.miiiVX^Z>o £fcM (matrix) «ejffi 



L 
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Fmm (fo) ri*©**T?ttttia»^gtt^*§-fx iis^/cfr-f 

lot, ir£McDFg&«£&o<^/vx<mgfitte N £©S6ff£Hgf 

&m$fm#}K : £t>Z>Zbi>m£tlX^Z> (Tashiro, M. et al. (1992) J. Gen. V 
irol. 73 (Pt 6), 1575-1579) 0 Newcastle disease virus. Measles virusTii 

ttr^UCV* (Li, Z. et al. (1998) J. Virol. 72, 3789-3795; Maisner, A. 
et al. (2000) J. Gen. Virol. 81, 441-449) 0 

. ta>u ^7 $ y y v-i/v^? fi-tm^mm&o 1 " 
y y ->ha^ tee r zmj&fr h<op^jv^(D2 wm fthz>o mmm y ^ /v* & 

#fcSIS1-Sitt>Bbfe$*LS 0 ^|6&#fcft^F&fc^iSSeV (Li, 

H.0. et al. (2000) J. Virol. 74, 6564-6569; WOOO/70055; WOOO/70070) 
XLtcMm^hh^^/^m^f- (VLP: virus like particle) ©JfettJ;&*fc|fc 
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4 - 

v^s (wooo/09700) „ ztiboufrmMtJ mAmmic&^ximtsti. 

P, uPA, t?kt£E<D7ti^T-^mmm&^X\>^h<Dft£<frbhX\^ 0 * 

*5»t5MMP, uPA, tPA*«a©S**a*^i>ft-aWffi u aME&&tt&ftia& 

% Li£# o X v$> < SeV-< ^ ? Lfn 0 

S&teffiV^SilflfOSflMfcifc (Kato, A. et al. , 1996, Genes Cells 1: 569-579 

) SrJBivfcthh MjX:llM^-r/v^ORNP^Mi-^ii«T't-5^^tt!>-r/v 

*«mt«are*«^ (wooo/09700) 0 m^ommmmt LXMXtkm^??-* 
#>xmmxhz> 0 *i-c**w#fewt, m&MtJA'Xzvj/i'XtifrhXsxm 
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nrtzbozwR'tiMi, mux mttzxc) t?^^^m^w 

smmsBnomm^ v^tkmmm^^^om^it^M^m^Lxm, 
(&o fc&\,^xum&(Dmmmmmm'>Lx^tc 0 m&ti&mem 

t>lB«iB^©iaeo«ftW^K:<ftTLT*J?» % »/M? (microtubule) 

fis^iav^-ea^^tifco ore) -cfiiisSHiS/hWot'Cf^ifi 

(rfcfrfc^v^frttffi) tJBfebt#fiELTV^ 0 tt/htfJttfi^&Sfctaf* 
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T J&3>) Lfc 0 #3§PJ J; D 1 x 10 8 PFU/ml£t±OjftS^ !M /K^-^SrgBf 

X*f&ms%mi-Z>^ h V ^^^^n/Bf7-f (MMP) TiSttfc£;h,SlCfc£ai$r 
M£tlX\r*Z>& (Peng, K.-W. et al. , 1997, Human Gene Therapy 8:729-738; P 
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eng, L -W. et al., 1999, Gene Therapy 6:1552-1557; Martin, F. et al. , 199 
9, J. Virol. 73:6923-6929) N t teigf&ia^JOxfV >^£< m^oTV^ 

o 
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■fc«**fc»^UT*J9, (b) »FgfiKT*feoT, HgSSf©^ 

(2) #^rtS^^*5V>T^-r/^3|S[^©^^jg^T*fcW:aE^bTV^ 

(3) ttr/o^T— £©#&fc|fc#b-t\ H^iA^^tUt 
C2] rM/K**fry-T?*>S, Ci] fcBfc©*^ 

C4] 5 ^ y !>^;«#ty^ Cl] frt, [3] ©v^ 

C4] ©V^ttiHcfBifc©^^ 

#^T9f"*-*— Ci] a>*> C5] ®i^;Mc«©*frfo 

C7] ^af7- «R:J;o-CR|«$iL5ig?IJ#, Pro-Leu-Gly, Pro-Gln-Gly, 
*fctt:Val-Gly-Arg$r£tN Cl] frh C6] ©V^fr/&^fB«©ii-£#\ 
C8] R3fi*Fae|fn:*jv^, ^^FM6®^«FO»SKptxf^©-g|5^ 
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[10] ^7$*yiM/kX©^/ARltt-?fcoT, (a) Mg6efc=»- 
*»#»*fctt**LT:fc!K (b) W6fffcoT, ^HfiffOgl 

1) ^^^^^^x$tLfc«^T^7^m^liMi-5^^b, ( 

Sc. 

^n^tmx^itmfk^x^j^m^w^r^mts^u (2) ^^gi 

^{C^VNT^-Y/^^©^^#«T^fc{±^LTfeO, (3) m^n 



WO 03/093476 



10 



PCT/JP03/05528 



ci 2) xm a) fcsrt^T-cfrS* ci o] *fcd en] fdiBto^ 
ci3] xm a) ~ ai) (D'pt£< th^^tifromnfc^^xm&^Fm&n 

%mm£HZ>7nTT— tf£#££i*:3;$\ fe^l^XS (ii) ^fclvCH]J&£ 
iifc^-r/^^^^nxT— €TMSi-5Xm^l>, [10) *fc« [1 

i) Kmmomm^m, 

[14) xg (i) ^v^T^«^Tv-?T$^y^x^ > /^xoif^F^6®^ 

xm (i) ~ ai) <D'j?%< th\<^tifr<DmnteWim&.mF : m&'g%m 
^^m-^myn^T-^mmir^j:m^^ cioj *^t± cm k 

[15) [5) (C|5«O^#:^i0^^(cfF^$tL5fe#:^tf^©^m 
Gly, Pro-Gln-Gly x £fcteVal-KJly-Arg£^ % hV vt^t $ wfuTT^-^ 

[17) [l 6) teffi«©S6SC£=-Ki-5&ik 

[is) tie) n:E«©a6ir*fct4«ae«*3-K-r««»^tp?>^^ 
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C20] ci 93 fcmm<Dm&mmx«h<>x\ mm&wvmmummmK 
est, 

C2 1] ci 93 fc®foaa#t*3-Ki-5snt, 

C 2 2 ] [ 2 l 3 \ztiMomit>kl£t*<<? 

fcfcV vC<? $ * y * ^ ^ |Jx<? 5 * y 9 -f {Paramyxovirid 
ae) t*«!>-f^*fctt*©W^#*iH- 0 $ * y 
SM^X ^ -fWm&fJ MZ$f^?7 4 A,X£>tfA^-7<D i oT\ 3; ^ y «M 
/l^lEfl. (Paramyxovirinae) (^7^y^;^I (i/^t B D^;^i^ 

V-<^W& (Pneumovirinae) (=3.— t jM^JHs £TJ*y VJjV 

fc»4-fe^^$r-f^(Sendai virus), = 2^1^* -f /V* (Newcastle di 

sease virus), *Jfc*< d>ff»>-f^ (Mumps virus), Jftasfr-f** (Measles vir 
us), RS^/V* (Respiratory syncytial virus), ^^/V* (rinderpest vir 
us), v^T^X—t^/i,;* (distemper virus), f)V/<y^ Z/z? jV^l/lf r> 4 ;\, 
X (SV5) , 2 , 3S##Wbtl3 e £9 A 

##Jf-&, Sendai virus (SeV), human parainfluenza virus-1 (HPIV-1) 

, human parainfluenza virus-3 (HPIV-3), , phocine distemper virus (PDV), 
canine distemper virus (CDV), dolphin molbillivirus (DMV) , peste-des-peti 
ts-ruminants virus (PDPR), measles virus (MV), rinderpest virus (RPV), He 
ndra virus (Hendra), Nipah virus (Nipah), human parainfluenza virus-2 (HP 
IV-2), simian parainfluenza virus 5 (SV5), human parainfluenza virus-4a ( 
HPIV-4a), human parainfluenza virus-4b (HPIV-4b), mumps virus (Mumps), *5 
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£ Newcastle disease virus (NDV) 4ifW*jx5 e X V jfric. L < ft, Sendai 
virus (SeVh human parainfluenza virus-1 (HPIV-1) X human parainfluenza vi 
rus-3 (HPIV-3h phocine distemper virus (PDVh canine distemper virus (CD 
V) N dolphin molbillivirus (DMV) % peste-des-petits-ruminants virus (PDPR) 
s measles virus (MVh rinderpest virus (RPV"K Hendra virus (HendraK 
Xf Nipah virus (Nipah) *»bftS»J:!)Wi_$JlS^^#«*-CtS 0 
PJO^^/V^fi, #*L<f±/<7'^y!7>f;K*ffifJ. (W*t?n>^/W*jR % 

©R^flrefcOx J:0#*U<ti^bri3i>-f/V^JR (Respirovirus) (^7> 
^y^^/U^M (Paramyxovirus) HI 5) teJR-f-£ "7 */V**fcf*t<&ftiJ*tt: 

r^^/V^li (HPIV-1) % tM7^y7/Wxi/f|>^/^ 
3M (HPIV-3) , !7^7-T^7/V3iyif!7^/^3M (BPIV-3) , -fei/^^-Y 
/V* (Sendai virus; ^$X'<7<t>'7A'X.>1f$4/l'Xim.kb&\i£tl&)s *5 
iW/W^^/V^yf* !7^/V^10M (SPIV-10) fc^^S-hzS. 

0<7^/V^{4 N 3*c$vt* N &&«c x gg«c % 7«fttt, :fcJ:U^ttK:«&£*L 

*° y * y w-^- K» x y ^ y k^j&, ^ y wx— t?#yt N y t? 

S 0 *a*&;i3J&KW\ ae*Sr=-Ki"Sila^4fe^#y5?^^^KSrjsa$ 



WO 03/093476 



13 



PCT/JP03/05528 



6**fcf4AAWfc|8fhSJifc^|i?jbi)#5 0 £f Cx ^H^tcjsVNT Tdnaj <b 

mmm-fz^? ?-xh& 0 *fw&n:»iKTo«*#* 
»*fcfi^LT*5«5, a*o (b) «Fga«t?fcoT, iiaK^nm: 

o 
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(rnp) tfcotiv\ RNPft, ^^(fBfa^h^^y^^ixa^^tia 
y -if ^ y *V if — y avfia^) ttttii-s £ t fc «t "9 ?»f 5 £ a*-? 

3fc2f«*7?fco-riV^S x »i'9+^{Oh§<, *©*££tt»fcl0nm~800nm 
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?|J USE?!!) -|E^|«&@E?iJ (SIB^J) ^#&U rtbtiO^it^cDORF^^w- 
^^^/^^fiK-Cfe^ N (^yi^r^v'K) N p (***) n jaj;t5L 

U fo§@©«T1i»{CHN^fiKfi^^< (Markwell, M.A. et al. , Proc 
. Natil. Acad. Sci. USA 82 (4) : 978-982 (1985)) „ F^eg^^T^^^-f- 

W^n^/V^JR np p/ c /v M F HN - L 
/^7^;W| NP P/V M F HN (SH) L 

^t'!)^^;l/X« NP P/C/V M F H - L 
«t^7^y^;^ {Paramyxoviridae) <OV*\?u $ 4 (Respir 
ovirus) t^g^tLS-fe^-Y y^^XO^-itte^-^SlH^JfD^-^^-^CD 
r^ty^ 3 y#ftt N NRtfi^tOV^Ttt M29343, M30202, M30203, M30204, 
M51331, M55565, M69046, X17218, P3t£tf4CoV^f± M30202, M30203, M30204, 
M55565, M69046, X00583, XI 7007, X17008, Ifitfc^fcoVvrW: D11446, K02742 



WO 03/093476 



16 



PCT/JP03/05528 



, M30202, 1130203, M30204, M69046, U31956, X00584, X53056 N Fjtfc^KlO^T 
tt D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, X00152 
, X0213U HNjfr^HCOV^fii D26475, M12397, M30202, M30203, U30204, M690 
46, X00586, X02808, X56131, LJtfc^-fc-OlvCfi D00053, M30202, M30203, M30 
204, M69040, X00587, X58886£M<DCl t D IZtc^Oi&CD ^4 Ki"5 
$4 ^Xl!kfcT%M?rrf}H-£, NSt^teLO^Tte:, CDV, AF014953; DMV, X75961 
; HPIV-1, D01070; HPIV-2, M55320J HPIV-3, D10025; Mapuera, X85128; Mumps, 

D861725 MV, K01711; NDV, AF064091; PDPR, X74443; PDV, X75717; RPV, X6831 
l; SeV, X00087; SV5, M81442; *5£7>* Tupaia, AF079780 N Pitfc^OV^te, 
CDV, X51869; DMV, Z47758; HPIV-1, M7408K HPIV-3, X04721; HPIV-4a, M55975 
; HPIV-4b, M55976; Mumps, D86173; MV, M89920; NDV, M20302; PDV, X75960; R 
PV, X68311; SeV, M30202; SV5, AF052755; Tupaia, AF079780, Citfe^ 

(COV^Tfi CDV, AF014953; DMV, Z47758; HPIV-1. M74081; HPIV-3, D00047; MV 
, AB016162; RPV, X68311; SeV, AB005796; joitf Tupaia, AF079780. MSffc^- 
{Colette CDV, M12669; DMV Z30087; HPIV-1, S38067; HPIV-2, M62734; HPIV- 
3, D00130; HPIV-4a, D10241; HPIV-4b, D10242; Mumps, D86171; MV, AB012948; 

NDV, AF089819; PDPR, Z47977; PDV, X75717; RPV, M34018; SeV, U31956; 
T$ SV5, M32248, Fit^^oV^Tfi CDV, M21849; DMV, AJ224704; HPN-1. M223 
47; HPIV-2, M60182; HPIV-3. X05303, HPIV-4a, D49821; HPIV-4b, D49822; Mum 
ps, D86169; MV, AB003178; NDV, AF048763; PDPR, Z37017; PDV, AJ224706; RPV 
, M21514; SeV, D17334; SV5, AB021962, HN (H^fcfiG) it^RCOV^ 

fit CDV, AF112189J DMV, AJ224705; HPIV-1, U709498; HPIV-2. D000865; HPIV-3 
, AB012132; HPIV-4A, M34033; HPIV-4B, AB006954; Mumps, X99040; MV, K01711 
; NDV, AF204872; PDPR, Z81358; PDV, Z36979; RPV, AF132934; SeV, U06433; 
*5£T>*SV-5, S76876 &M7FX*%5 0 {&U ^ ^7 4 /^n^^m^ tbtlX& 
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A-?6ZbfcM$.V^ (Journal of Virology, Vol. 67, No. 8, 4822-4830, 199 
+&ttmmSM<OWa\Z&QMWi-Z>Zbifi'X!%Z> (W001/18223) o *7t> j? 

3' }C-#i£V ^ £ 4 JVX^B^- b 2# g ©Jlfi^OORFOM }C|?A LT % i V \ W<Z. 

s 0 «3tflcse«©io-e*5HNge«»4 x ftjsmmmmx*h%^->f/\s 
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(hemagglutinin) fefeb J 4 J %. — £ (neuraminidase) m&b<Dffi 

zzbKS:*)^ mmmK&iirmte*m^m&temm£tiz>z.bti:<\ 

X$<D&±\Z^&SeV<Dmm&&&&teto'J>1rZ (Kato, A. et aL, 1997, J. 
Virol. 71:7266-7272; Kato, A. et aL, 1997, EMBO J. 16:578-587; Curran, J 
. et aL, W001/04272, EP1067179) . Z<D «fc 0 fclMMb^ * — tt, in vivo £ 
tcltex vivofctetfZm&Otj:^mfe*MARlV'(^*'<?f--b LX^ftX&Z 

mwmz®-tm&#b » % v*? ^ * y * 

/w**atf- (^^^/^tl*^^?) «ttj (^ft*2l!mmb^?) -t& 
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nvmnn&ommtK fao7vrr-iiiz£<>xmwki$tiZ>mp\Kmk£tix 
v^ 0 ^^y^-r^oFg&jf (fo) ^©^^Titmra-^stt^ 

furinii, iSfcA/^Oj»ill&©^V^i*:JC#iIWfc#&-t*5o furin©|HS*e?— 
7H\ Arg-X-Lys/Arg-Arg (RXK/RR) (7"T?&#)E>*L;fc:20©T 5: /&fi£* *> hfr 
tfeSCiW) "CfeS,, ^J^ttO?§5V^^ Human PIV3 (RTKR) N SV5 (RRRR) % 
tops virus (RHKR) „ NDV (virulent strain) faWft: (RQR/KR) , Measles viru 
s (RHKR) s RS virus (RKRR) t£E\±mQWL\Z.^frb<0^—70Un*¥f<?X 

%m&(DF\^ ^x<bnmzmE^%7*TT-VK.m&*h%. t*o 

15, #!J)M£0M£l\ Sendai virus (PQSR) % Human PIV1 (PQSR) % NDV (avirulen 
t strain) S3$K (K/RQG/SR) Xit^<D^—7K^X tit. , ^11^7 

"CtS (^JX-tf^W*^, *ffl JfOgt, 1997, pp. 247-248 

mm) o 
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^yfo/DrT-ft«t5 AfcttfcFBSIt&WgSitrrafel- 
^ISW« $ tt, teo^n -r X— 2£ J: t) Mm. £ «fc 5 tm&\ tftoX^Z 
:i8J:tf/£fcr^Ate£93Sc£U lO/nfT^ia *) MS £ ft 5 

h p fc°XA^£MF^6Sr^it^T&A£ftS 0 

IBgSftSBaarcfcoT J: < , 0!;ttf-<**-tS;A©«fi<Ji: Lfci^M©«£ 
fctei»T*#§m£ft6:/*xT— trie i D Mg$ft5K?!l«rfl!v^ - 5 
(W001/20989) 0 &K«J«aiitfjgtt3flS*>6^o^T— £-Cli»£ft5E 
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U j£««^<£§lt&£§l< ^^bftTV^o #/W^^<£>»@E?iJ (Kar 
lsson, J.O. et al. (2000) Cell Biol. Int. 24, 235-243) b X^X&s Wz.lt L 
eu-Leu-Val-Tyr &ftf!ti&Rb LXM^htlX^^ 0 

) , =m**^ym&B^ (E2) *5j;t;aWyy^f (E3) iCiSiiSftW* 

-tLb^*^tt^St4tt>i?)T#<^aic:H#1-5 0 26S ypf7y-A 
£*H-3#fi?^SC£ UTfi^J^{^Leu-Leu-Val-Tyr^fflVNfj^TV^§ (Reinheckel 
, T. et al. (2000) Arch. Biochem. Biophys. 377, 65-68) 0 
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J: 5ft*i«ft*^©^*tt3i^©SB»?R»^i*< o <fc 5 feft 

h 1J y^^^lCtt, MMP^^^ifi^ate^f 77 5 V "—CD ADAM (a disi 
ntegrin and metalloproteinase) 5HF-©BB*>0 i5 s *5tt^B #^ADAM 
TS (ADAM with thrombospondin motif) frf-ti&WfvT*?]) fty (7?})% 
y) <D&titK&&<OW&tb%*.t>tlX^Z (Tortorella, ED. et al. (1999) Sc 
ience 284, 1664-1666) 0 ADAMTSfc £?Xagxican&^£tltcmWWM&tlX 
^5 (Tortorella, ED. et al. (2000) J. Biol. Chem. 275, 18566-18573) „ 

, -fn 7T-i£<D3m y^wjcmte iwt itt±m& & w-(oimxhox £ v \ 

^nyK ELISA. ^efc^^i«5Sa5ti-SC^^i?t5 6 tfc7uf7- 
ifOfSft'te, m?n^T-1i(Dmn*m^tc£M7y±4k£<9%iZ>^b&X% 
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Mz.lt1m8&\-T hDyfX (extracellular matrix; ECM) ftMB%<Dm&fe, 
^#^!:t^^4©tf^C^SV^•CSH4^J^3iLTV^S (Nakajima, It and Chop, A. It, Se 
min. Cancer Biol. 2:115-127, 1991; Duffy, M.J., Clin. Exp. Metastasis 10: 
145-155, 1992; ^Sot* m&ftT hV 9 Xftffl&Si , ?**7n?& MM TO© 

semis , wia pp. 124-136, 1993^) . mmz&^xti, mmm 

$£trCl^ 0 iRM&fl^MJ y?x<DJ$&k LTte, Mtftmu*. 
imbtlX^Zo -*lb©ECtH*, »©^*, 51®. £fcte^»#©«£Mi 

rmc: £zm®*itftmm&m<Dm&&mm&£fix^z> 0 Eat&mmK- 

5 r £ J: *> , *#J^lofi^ *lflHH-*'<* ^-^#^1-5^ £ 6 

o 

T—^k*?vyvTT-i£tf*>bfib%&m%%:1ZVX^Z>o ±V y/nr7- 

%&m#Eu&. mamMs %<t. 

*?«>T#<©&fleEJ&H:H#LTV5o ty^nf7-«i^ - 

jft|C±iK , IMIrt»!l#fiEi-5'fe!J ^fT-^yt^- (serpin) fcio 

ECM^ite-fey yypfr- ^itttt, ^x^mk 



WO 03/093476 



25 



PCT/JP03/05528 



^^^y^VT^f^- (plasminogen activator; PA) i If 
*'-T?*>3:/7.X$ J—WTV^—Z— J-yt \?#- (plasminogen activat 
or inhibitor; PAI) #1W*|LtV3„ PAfctt, JiL^BfcMr*IUK3!PA (tP 
A) <b, ECM^fcM#-T5!>n^>-^PA (uPA) fcj&Sfc* (Blasi, F. and Ve 
rde, P. Semin. Cancer Bio. 1:117-126, 1990) „ itbfe©2o<DPA{i, PAI<tf£ 
tt*t*0>miFia&£to.Z> (Cajot, J.F. et al., Proc. Natl. Acad. Sci. 
USA 87:6939-6943, 1990; Baker, M.S. et al. , Cancer Res. 50:4676-4684, 199 
0) 0 uPAttjNlJia*ffi©uPA^-fe^— (uPAR) fc^tfcfti^tSC i^t 

(Tanaka, N. et al. , Int. J. Cancer 48:481-484, 1991; Boyd, D. et al. 
, Cancer Res. 48: 3112-3116, 1988; Hollas, W. et al. , Cancer Res. 51: 369 
0-3695, 1991; Correc, P. et al., Int. J. Cancer 50: 767-771, 1992; Ohkosh 
i, M. et al., J. Natl. Cancer Inst. 71: 1053-1057, 1983; Sakaki, Y. et al 
SftB* 17: 1815-1821, 1985) „ 

uPA, tPAO§J©fgBMtoV^OW^5^#< ft£*VCl^5 (Rijken, D.C. et al. 

(1982) J. Biol. Chem. 257, 2920-2925; Wallen, P. et al. (1982) Biochim. 
Biophys. Acta 719, 318-328; Tate, K.M. et al. (1987) Biochemistry 26, 33 
8-343) 0 — JKKlJSV^ftTV^ substrate WfflfflGR (Dooijewaard, G. , and KL 
UFT, C. (1983) Adv. Exp. Med. Biol. 156, 115-120) t s Substrate S-2288 (I 
le-Pro-Arg) (Matsuo, 0. et al. (1983) Jpn. J. Physiol. 33, 1031-1037) T? 
£>3 0 Butenasmmm<D^m^m^X, tPAfcSH-SWJMt©il5V^E?!ISr!i 
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tfL (Butehas, S. et al. (1997) Biochemistry 36, 2123-2131) , FPR, VPR# 

B3?^t- if (5WS?fc«t»)Sttibi-5) *«rWfci-»*^S/yB (Sloane, 
B.F., Semin. Cancer Biol. 1:137-152, 1990) % 317X^1/^ T'pf^^V 

iX^L (Kane, S. E. and Gottesman, M.M., Semin. Cancer Biol. 1:127-136, 199 
0) , mttCs 7?^A 7^^D^^f^ 7*bW!>*^ TJX^iXVB^ 
itR GSteffc) SrSJtfci-S^T^S'M) (Rochefort, H. , Semin. Cancer Biol 
. 1:153-160, 1990) Jfe^^btbS. ^T^yBJoiTOtlLiiS (Sp 
yratos, F. et al. , Lancet ii: 1115-1118, 1989; Lah, T.T. et al. , Int. J. 
Cancer 50 : 36-44, 1992) % ^Mtj/VW— ^ (Shuja, S. et al. , Int. J. C 
ancer 49: 341-346, 1991) fcBK 3$&L"C}3!K 1B&m¥bOXfi&<DWfeb1&<0 
MttkiktOM^^TF^tlX^^Z (Sloane, B. F. , Semin. Cancer Biol. 1:137-1 
52, 1990; Kane, S.E. and Gottesman, M.M. , Semin. Cancer Biol. 1:127-136, 
1990) o 

^P7*Bf7- if (metalloproteinase) fittnft ZO&MTcSlt&'&tl&MW&lt 

^-i?ft£W^£ti/C^3„ ECM£#$Tf S^^n^nxT-iftLTfi, 16« 
igULhtf}-^ S'^^^n^BfT'-^ (matrtix metalloproteinase; MMP) 
«^£tbTV^o ft^ttfcMMPfc LTtt % ^7^-r— 2, 3 (MMP-1, 8, 13 
) s — if A, B (MMP-2, 9) x 7hn^7^'>Vl, 2, 3 (MMP-3 S 10, 11 

) % yM)^'^ (MMP-7) x Ii^ ; ?D7 t 077-f (MT1-MMP, MT2-MMP) ft 
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5 C £fc?t£Mf5t (latent MMP£fcteProMMP£^ o) b\,XjW£fa HMfoft- 
t "C£><5 tissue inhibitor of mettaloproteinases (TIMP) }3lj;o"C?Stt 

^0^1?37^f (collagenase) (MMP-1, 8, 13) (4, iitt37-^ 

■e&Si, ri, in^=7-^^^*«F^«ilfMfc-e§i»rf-So * 77^— fc? (gel 

atinase) it, ^y^—^ik (MMP-2) *5,fcmf 77^-- t?B (MMP-9) <D2KD? 

J-f&tobftX^Z. 7 7^-if «:IVM=i v tfi—V bh£ X&Bltf>£ 

Sr^S?-t-5. ^fo^7^f^ (stromelysin) (MMP-3, 10) tti&V^SSttSr^ 
Us -7vT*-yy #>\ IIL IV, IXgJ=7— 7^=y, 7^7"D^fV 
ft££##1-So MJ 7>f S'V (matrilysin) (MMP-7) f± % ^^K^ 

43it^9^^-^t!:Sti-S^S¥fiH4iSjl5V\ »^07*nr7^ (membrane- 
type MMP; MT-MMP) (MT1, 2, 3, 4, 5, 6-MMP) fiJWM^&fcoyMP-efcSo 
MT-MMPte, -fv+ttt YY* >fVfc^^©Wfc#AEai GfalOTS/H) £ 
^TfS. wO#ASa?[J« Arg-Xaa-Lys-Arg (Xaattftf ©7$/t) « 
BI±fcttj£i**i5iS£'TN «ft7'ni?;y^^iftT*£5furinfc«3; «9 
l&fb^ftSo MT-MMP LTte, MT1-MMP (MMP-14) s MT2-MMP (MMP-15) s MT3-MMP 
(MMP-16) „ MT4-MMP (MMP-17) N MT5-MMP (MMP-23) , &£t/ MT-6-MMP (MMP-25 
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) tnzittobicis WxHanrmiPtti, n, iim^?—?^*. Mt3-MMpmiiM=i 

=ty^-if (MMP-l) ii«(D|ili|lltfc!), ^M#T-b^oStti/ 
^/Wife^tt^flBf LTV^ (Wooley, D.E., Cancer Metastasis Rev. 3: 361-3 
72, 1984; Tarin, D. et al. , Br. J. Cancer 46: 266-278, 1982) 0 £fc. 94 
-fVJ^yf-f-^ (MMP-2, MMP-9) ftM*t£±Jk&1&fc&^Xfe&tfc&mt<D 
^}C^V^t@MH#^fe^ (Liotta, L.A. and Stetler-Stevenson, W.G. , Semin. 
Cancer Biol. 1:99-106, 1990; Nakajima, M. H^E^ 10 : 246-255, 1992) 0 

Xhut^Ji'l/ (MMP-3) ^>^it(D±^^4ffl^O#l4te^iML-CV^S^ 
i^&btl/O^ (Matrisian, L.M. and Bowden, G.T. , Semi. Cancer Biol, l: 
107-115, 1990) 0 * hn^y^v-y-3 (MMP-11) tefL^ itf^Mft if fc*^ 
TiSISS^M^tVtl^ (Basset, T. et al. , Nature 348 : 699-704, 1990; P 
orte, H. et al. , Clin. Exp. Metastasis 10 (Suppl. 1): 114, 1992) 0 

MMP^iSJSIrSSf^ #gc*Pb;ft-0^ 0 m^m:^m-fh^%m\b LTPLGLW 
AR (Bickett, D. M. et al. (1993) Anal. Biochem. 212, 58-64) % GPLGMRGL (De 
ng, S.J. et al. (2000) J. Biol. Chem. 275, 31422-31427) s PQGLEAK (Beekma 
n, B. et al. (1996) FEBS Lett. 390, 221-225) N RPKPVEWREAK (Beekman, B. e 
t al. (1997) FEBS Lett. 418, 305-309) , PLALWAR (Jacobsen, E. J. et al. (1 
999) J. Med. Chem. 42, 1525-1536) tfh% 0 MMP-2, 9<D-ftM&Wt LTPLGMWS 

(Netzel-Amett, S. et al. (1991) Anal. Biochem. 195, 86-92) t PLGLG (fei 
ngarten, H. et al. (1985) Biochemistry 24, 6730-6734) ^&£ 0 

Hj£s phage-displayed peptide library screening KX-oX^ MMP9 (Kridel, 

S. J. et al. (2001) J. Biol. Chem. 276, 20572-20578) , MMP2 (Chen, E. I. e 
t al. (2002) J. Biol. Chem. 277, 4485-4491) , MT1-MMP (Kridel, S.J. et al 
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. (2002) J. Biol. Chem. In JBC Papers in Press, April 16, 2002, Manuscrip 
t M111574200) \Z.m-%£jm%&M1)mbfrK£tlX^Z>o ZftbtotoX"?. 
Wfe&tltcT $ /mWMZ: 3o©MMP ^Mi-^M^^m^ iot4o©^ fV— 
:7°K:#Si£*vCl^o Group inmi^K<$m&}KftM£tiZ>W$i\X\ ArgOft 
V^SB^lJ^UTVFSIPL, IKYHS£>ffi?lJ^MMP9, WP2Xftj$X%i*m-WSPX(D&ftMX 

Mz.it, \MP9(omwmmtLxns pro-x-x-Hy (xiitttoai, 

mZm-T) &mifbtls #fcPro-X-X-Hy-(Ser/Thr) d^^LV\ J; !? JMfclfti-te 
, Pro-Arg-(Ser/Thr)-Hy-(Ser/Thr)^^i|^T'tS (X-HyF^T^K^^t 5) o Hy 

mmmm atit ^tibKm^fi^^K &m*ieu s vau Tyr, iu 

, Phe N Trp, VetiWtrbtlZo fc5V^ % ^tb^<D§J»fSH^Jt> H^£*Vt*5 9 
(Wx.TOT^»CDGroup I, II, IIIA, IIIB £#fi; Kridel, S.J. et al. ( 
2001) J. Biol. Chem. 276, 20572-20578) % rftbOj^MOK^J&JlV^;! tfc 
t?t5„ ^fcMMP2^MU-C 1 t±lBOPro-X-X-Hyr*feoTi<, fl&JCts (Ile/Leu 
)-X-X-Hy, Hy-Ser-X-Leu s His-X-X-Hyfc Jf#0!l*-C# 6 (^*.tfOT©*]R©Gro 
up I, II, III, IV <Sr#flR; Chen, E.I. et al. (2002) J. Biol. Chem. 277, 44 
85-4491) , MMP-7. MMP-1, MMP-2, MMP-9, MMP-3, MT1-MMP (MMP-14) £r"atfMMP 

^tiy^f- K?>f:/? y-^v^cioTiiM^i-sr 

5 (Turk, B. E. et al. , Nature Biotech. 19, 661-667 (2001) ; Woessner, J. F. 

and Nagase, H. Matrix metalloproteinases and TIMPs. (Oxford Iniversity P 
ress, Oxford, UK, 2000) ; Fernandez-Patron, C. et al. , Circ. Res. 85 : 906- 
911, 1999; Nakamura, H. et al., J. Biol. Chem.' 275: 38885-38890, 2000; Mc 
Quibban, G. A. et al., Science 289: 1202-1206, 2000; Sasaki, T. et al. , J. 

Biol. Chem. 272: 9237-9243, 1997) . 09;ttf$J0ffBffi0>8T 5 / Wt P4-P3-P2-P 

i-pi'-P2'-P3'-P4' (pi-pi' mxtymztiz) &m*rtti&s m-m VPMS-MRGG 
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% MMP-3fi RPFS-MIMG, MMP-7{iVPLS-LTMG s MTl-MMPfilPES-LRAG ft^^tf bfl 
5&Z.tlbK®M£tl^\ MMP-8(-f^J^ffPUY¥AR (Nezel-Amett, S. et al. , 
Anal. Biochem. 195: 86, 1991) flS^tf btb5 0 MMPO^SRttft* 
A^B&T'fc^ rtL^OBH^JSrifclSE-rSrt^tftS Calbiocheni g 

ftM Merk, MMP Substrate #flB) 0 

i-^y^i — -£ (MMP-2, -9) iSfiS-C&Sr^^fetl-CV^o MMP-2te, MT 
1-MMPfc: i 5pro-MMP-2<D^!J»ft i 9 Sfe-ffc $ 3x5o * fcMMP-90?£te4b uPA 

ctive MMP-3^proMMP-9^SMi-6SS&^#feU, :©8?glJ«©WEl^L 

C£>£5&7°ci-7 1 T— fllfctf MMP-2 S MMP-9 
, uPA, MMP-3, *3±tf MT1-MMP ^WktK #£MMP-2 % MMP-9, *5itJ« uPAtfS# 

h $tf S LI \ -Ofc&fctefc t tOTrypsin 

©^n^r—^-eejwfs^ ^oFMe®©«KS!t^™^lt»$nTv^sMe 



WO 03/093476 



31 



PCT/JP03/05528 



mm^FimKm^mtK m&mm,&&(DFmKmimt m- t^zzo \m 

L<fi37 5/lfc&l*J (0!*.tfU 2, 3;fcte3T^/I£) «S#JD**L5 J; 5Kli"5 
o &mt*mWK&\,^X, i&gFm&nOFmfrmm&fc Met-Thr-Ser (I5?lJ# 

1) ZmULTh. MMPti5WSJ^*5iOT®f#O^Wiii^iS^I$^ 
£*Lftl^£;^JI3JL;fc 0 tot, i^$rmOFltf>N«{£ Met-Thr-Ser ^fcft^ 

^tt»^faLfcT^/^-ecDgm^S9c Afrftfctt, IfetfcH brittle 
£fcfiVal^<£>am, Thrill LTttSertfcfiAla^Og^ SerfcBILTttAla. A 

tePro-Leu/Gln-Gly GE3I## : 2) &£triE£l«r#»f 5 £ £#t£ 5 C -OfB^J 
H\ LT.?IJJl£*lW3-gl&3£Sf (Netzel-Arnett, S. et al. , Anal. Bio 

chem. 195, 86-92 (1991)) fc#S©Ean?S> 9 , iOEfl^ «bfcFg6fC 

MF^e«©^l»f#OF2»f>T-©C^©T$ /»fc£triEBI&* Pro-Leu/Gln-Gly£ 

5 y^^^1-5SS^JMl^^^-fr, Pro-Leu/Gln-Gly^rSA-rS 
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— if M i 5 m&$3 =fc Tlffilt&0>T&m&W& £ ftft V ^ 0 . Pro-Leu/Gln-Gly tf>T$ifc 

L<&, Pro-Leu/Gln-Gly-Met-Thr-Ser 3) N SfcJS Pro-L 

eu/Gln-Gly-Met-Thr (E2*J## : 4) Sr^trlSW^f Met, Thr, *3i 

„ 4 N 5, $.tcnm&iK Pro-Leu/Gln-Gly-Met-Thr-Ser N tifclZ Pro-Leu/Gln-Gl 
y-Met-Thr fohftZmWKn&£ft1tffl®m&W%lR l &l,^m&&b LTWS 

o-Gln-Ser-Arg 116 1 ) (EJ0#3" : 5) ?rPro-Leu/Gln-Gly-Met-Thr-Ser^if^fi 

fflLTfiWr-Wttft'CV^ (Turk, B.E. etal., Nature Biotech. 19, 661-667 
(2001)) o t.tc s ♦@LTV^5MMP-2 (Chen, E. I. et al., J. Biol. Chem. 277 ( 
6) 4485-4491 (2002)) RXMSP-9 (Kridel, S.J. et al., J. Biol. Chem. 276(8 
) 20572-20578 (2001)) K^\^X i>mW£MVrfcftt>tl, #*CMMP-9K:oV^ Pr 
o-X-X-Hy- (Ser/Thr) ©P3i^P2' (P3-P2-P1-P1' -P2' ; $0»f ttPl-Pl' M"T?jB - 3) 

*-e©3Vtyf^l»! (x= £-Ctf>BS, ny=m*&Bm) 

i^^y-fe^-y-^lE^if^ IMMteoVvrjt^&ftWSfc©©— o (Pro-X-X-Hy 

y(D—^XfoZ>k%Z-btl% 0 Z<D&frtbh. ±W\^Ltz.mn (Pro-Leu/Gln-G 
ly-Met-Thr-Ser^ tc &Pro-Leu/Gln-Gly-Met-Thr) fi£P£ L^Mt hX%W £ ft 5 
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o -tfttt. FMeK^^fef^Pro-X-X-Hy-Thr/Ser, S b U < «Tr6-X-X- 
Hy-Thr/Ser-Thr/SerSr-^trSB^JW^LV^ ( a Thr/Ser w mhr^fcfSSerO^fc 
^Sr^-f-) o 09*.tf, Pro-X-X-Hy-Thr/Ser^ ^ T fit b &l ^Pro-Leu-Gly-Leu-Tr 
p-Ala^5j;U ? Pro-Gln-Gly-Leu-Tyr-Alat^^L< fcl* (04 4) 0 Pro-X-X-Hy-Th 
r/SerUnK&m-Z^?- K£FMEWMMM^&£>tf> MMP#&T-CiSVN 

!9§J»r$ti5EW^f kfts, JtfW5K:W\ uPAft£mPA©^®flE?!lfc LT Va 
l-Gly-Arg Sr£triBWsW|fctf6>*t<5. afcasbfcFflf6lt*9«WI©F2 

^OF2Wf^-©C*«©r^/ilSr&tpE?!l*, Val-Gly-Arg ffi^JS* : 6) £ 
-a tf SB^U <t V \ J: 19 & £ b < r± % M« OF20C*« t * S T ^ y Sft 
^bN**lRjfc5SM5i-5 mtU* U 2. 3, 4, 5, ttcmBM* Val- 

Gly-Arg *fc«rix^tps^ifcaife$tifcgfeSFaesrsrfip*bv>aesrt lt 

FSesrtc*5V^"CF2WfitOC*3T$y»tffiSi-5IB3?!l (flcfciS^Afflttfctt 11 
^Gln-Ser-Arg 116 ! ) (EW* : 7) £Val-Gly-ArgM&L/cF^6 j^M^I"^ 

«3 1) o 1-fcfr*>, Bfe£F365C&36S1-S:/7;*$ K^* h 7^ 

&7y-fe-f1-3tett % lflffSr3Sai"SHT108(MBaj|&S:fflV^5w^^-et5 o fe^i^i 
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^Mfett S&to $ frfc o x J: v \ 

-e-tg^1-||*^1-6 0 ^OMS^^JffiUT, ^©/nr7^#SK'© 

^y-A^if©^j • i&te*mm'<?*-*mm-$-zbtfx%5o Mz-iz. f, 

MS^^^^ttbfcadenovirus vector (Galanis, E. et al. , Hum. Gene Ther. 

12, 811-821 (2ooD) (DmtettmxmL-rz^vr-T— &xmm-rz>?zmm 

£F, MMST'^-K^^b-fS^JC (Spiegel, M. et al., J Virol. 72 ( 
6) 5296-5302 (1998)) % ZOWm&Ufcm^X, ■^X^t^nTT-^iXm 

eK*D«t^rtu$r^-K1-5«(^ jmW<0^? f-Simzh. t°pxt— t? 
y-ry^0lg~28^ J:90^b<m~27^ £>9£r£L<te4~27l@07 5:./^ 
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mnmm&M<Dcm®m®xhz> ®4 2#m) <, win ttt^^^tt 
t 5: j momi&m Ky ^ >z%-rz x ? ^imisfrtcm&m*^^? 5: y y 

* uv msi Ky^ ^k&s^f^ &mm&mF& e«©c*c©« 

#feK©^ i^v^P**^1-6^^ y-&#5 £ #-Cfr 3„ 

(cM-r^o /^5^y^^/^fctt*ijaiK^*ttifiei-5i:#^ basest (- 
^srFseftfcpftftb*) »-«*«tg-rst#^fetL5®e« (hn 
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^^-©S^lis Wa.ffCAGT'n*— (- !7 hy fiTtf-l/zfu ton 
VxyAyf^-^^^/p^^^) CNiwa, H. et al. (1991) Gene. 108: 
193-199) fe^^f^u^^ W A W5 . wmu , o ^ ^ 
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^BbVjjm&krm. (Miyake£>, 1996, Proc. Natl. Acad. S 
ci. USA, 93#, 1320-24H ; Kanegaeb, 1996, Acta Paediatr. Jpn, 38#, 182-1 

88M -,m>riLt>, /u^-^T^y-xt-mfc^-mAtm^L ♦ fm&, 1994 

, 43-58H, ^±tt 1994, »JfiX^ 13#, 8-§\ 757-763H) tfto 

T«3ti-5Cfc^T?t5 0 flfctf^ho^V*'***- (JR#fe* 1995 

, 40#, 2508-2513K) , *3 ZXfTT*/ m&t?<fW<9 *~ ( 

5E*b, 1995, IgffiMM, 40#, 2532-2538JC) fciffc, ^3J©*feKlJ:D 

#3^6-502069, #4^6-95937, #&¥6-71429aSfcl btl/CV^o l^P 
— ^!M/k*£$83§1-5;frifefc LTfi#^¥6-34727, #^3p6-505626#fclS>*lT 
V^„ $im^T7 ; V|S#!>'l'/^«5t1-5^i:LTfi, #M¥5-3089753**P 
b*VCV^ 0 ^i7fy ^^/VX^iti-S^^ LT«, 4$*¥6-508039# 
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v *>mj&fcm?mm&<D®MfcMtz^^?'{ v.j /v* (s e v) ^o-r^^- 

^^RNA^-f/^^*3(t5^'&^ t };oTt>^:#$tbS 0 #l;tf£x vesicular stomat 
itis virus (VSV) X°mm&(03m$L<DfyX'V J !V*ffl§L=f- (VLP: virus like p 
article) (Dmmm&&tlX*5 (Justice, P. A. et al., J. Virol. 69; 315 
6-3160 (1995)) , ^Parainfluenza virus©#£fcMS6©*©3il3&^VIP3&S 
£.CZ>Zbj)m&&tlX^Z> (Coronel, E.C. et al., J. Virol. 73; 7035-7038 

(1999)) 0 z<D£?mm&mkxoYimmmvxft, ^t©w^«rna 

roff, H. et al., Microbiol. Mol. Biol. Rev. 62; 1171-1190 (1998)) 0 

^v^Mm^Mirmm^(o^w^^m\mvx3EKsir(D^ 5 t 

r i: j&ST? # -So !) *^J*0» £ ft !> tTy V? 7 h (Lipid r 
afts) kW-lftlX^^&Wi (Simons, K. and Ikonen, E. Nature 387; 569-572 (19 
97) ) Xh*)s 7U* ttTriton X-100© J: 0 ^^^^.M^^^BW 
mfrtLXm&Ztlfc (Brown, D.A and Rose, J.K. Cell 68; 533-544 (1992) 
) 0 Jl/y/U^-ftJ/VX (Ali, A. et al., J. Virol. 74; 8709-8719 (2000 
)) „ A** (Measles virus; MeV : Manie, S.N. et al. , J. Virol. 74; 

305-311 (2000)) RUSeV (Ali, A. and Nayak, D.P. Virology' 276; 289-303 (2 
000) ) %fX ] J My Y (Lipid rafts) X<D f V *l'J&J&&$ffl £ tlX& *) % 

-tr.-OlSett^^o—^fi (spikeg&£fc*|B£;h/$) ^ribonucleoprote 
in (RNP) *»«tUfcry^-^J**<£iii-Ss iP^^^/V^T-fe-^y tim (bu 
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dding) <Dm&Jlbt£oX\^b%7Lt>flZ> (Cathomen, T. et al. , EMBO J. 17; 

3899-3908 (1998), Mebatsion, T. et al. , J. Virol. 73; 242-250 (1999)) 0 
^BK. M^ 6 tespikeM 6 ©cytoplasmic tail fcfcr£1-*£ jV7;V^y 
■ftj/ls* (Zhang, J. et al. , J. Virol. 74; 4634-4644 (2000)) £T>*SeV (Sa 
nderson, CM. et al. , J. Virol. 67; 651-663 (1993)) mX*7F&foX& V , £ 
tcWPt<D^-^h4>7/^>-f tJfl'X (Ruigrok, R.W. et al. , Virology 173 
; 311-316 (1989)) ^ '<7<<l'7A'&'?#4/l'XRXFSeV (Coronel, E.C. et 

al., J. Virol. 75; 1117-1123 (2001)) WX7F&tlX^Z> 0 JSfcs M^&g#© 
=f-7— J&$,'-~CDM J *&SeV (Heggeness, M. H. et al., Proc. Natl. Acad. Sci.U 
SA 79; 6232-6236 (1982) SD^^ttP 1*3 2&?-f A** (Vesicular Stomatitis Vir 
us; VSV:Gaudin, Y. et al. , Virology 206; 28-37 (1995), Gaudin, Y. et al. 
, J. Mol. Biol. 274 ; 816-825 (1997)) ^flh^< ©P-f/W^ 

®m&&t> J £X^Zb%Z-ZZ.b&X%Z> 0 

t.fts x^a-7ia (spike^e) \mvxt>&mz£<ow>M[.ttinwm 

HM&b \sXWT<Dm%iW%>Z> 0 WSMV-fA'X (Rabies virus; RV) <Di§& 
„ G®e^^t*3V^TVIi^^^i/30^^t (Mebatsion, T. et al. , Cell 84 
; 941-951 (1996)) . MM S^MKl&^T (21/500, 000OTfc«^bfc b&&£ 
tlX^Z (Mebatsion, T. et al., J. Virol. 73; 242-250 (1999)) e &fc, 
^^VV* (MeV) ©»g\ MMa^:^{-*3V^Tcell-to-cellOM-^^/biib (C 
athomen, T. et al. , EMBO J. 17; 3899-3908 (1998)) , rttfitf ]} 
WM&tlt£&Xh%b%Z-Z>Zb&X%Z> (Li, Z. etal., J. Virol. 72(5), 3 
789-3795 (1998)) . H^OSfe^ii^F^VNftHS 6 ©cytoplasmic tail ( 

MMMtDT— JV) Ojg||fcJ:ott>4CtV^ (Cathomen, T. etal., J. Vir 
ol. 72; 1224-1234 (1998)) . lot, Fife *lW*;fcWffl® 6 ©cytoplasmic tai 
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tl5. ffi-U #{-SeV^*3V\Tf^F^M (WOOO/70070) S&V^iiHN:!*:^ (Stricke 
r, R. andRoux, L. , J. Gen. Virol. 72; 1703-1707 (1991)) {C*5V^#< tf>VL 

) , (F&miN) ^Cytoplasmic tail^MUS £^LWS CI t 

tl/tVS (Sanderson, CM. et al., J. Virol. 67; 651-663 (1993), Sanderson 
, CM. et al., J. Virol. 68; 69-76 (1994)) 0 IP^>, tf V *l/Mf&<DWrXh% 
®bJ&m±(DV tTy K7 7 h (Lipid Rafts) ^MM6^^(Cjffi®$tl/^/tfe^ 
(i, F&lMN^Cytoplasmic tail ^©i^^f^tl) •? , MlStt»ft#ftl 
frtf* feF&OTi - 1 X\ FRVW<Dftmm&Km<> tcl&X'Mfam^Mffll 

«t mm&nom&zmg&ft^zjjmteHxmifo-tzz- t&x~i*z> 0 f&mm&x 
mnmmmiZfttcft&zft^xm&'gziiik&u ^m^—f-mum 
TxmM-rzzttfX'%z> 0 $.tcs %m*mm. ^omm^mm^x^mm 

yymzx mw&mtf^tizmftzmfe-tz c t k x <o mttm^z - 1 &x 

#5., tf 9*>m!&hmb%Z<DftMlfam±<Dy My K7 7 h (Lipid rafts) 
TOftTV^^-Cfc ?K Triton X-100© i 5 *^*^ttMiSttS!lCT»tt© 

iigsrw^-efcs. MMSSfcpike^e, RNPRtwg&a#Hfc^srfc<0*££^ 
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amh©iaeo^4raafe««i-5i:i:aspriB-t?*>*. 
<i«jia«©*i»^w«i-c*<*9, «^fr»<^^^6o z<D£?\zm 

9»*L<ttl/30^T. it)»*L<H:l/50»T. J: 9 »* L < ttl/100&T* i 
9»*b<ttl/300£iTx <J:9&3iU<m/500^Tfc®TLTl^o #369! 

L<mo 2 /ml^Ts J:t)»*b<HtlO l /mlOT"T?fc5. 
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o 

£fc, ^^/V^O^l5« N #J;UfCIU (Cell-Infected Unit) «ij££fc&#]f[LS£ 
(HA) (DWfcr* £ t £ ± *> - £ ^-C-t 5 (WOOO/70070; Kato, A 

. et al., 1996, Genes Cells l: 569-579; Yonemitsu, Y. & Kaneda, Y. , Hemag 
gulutinating virus of Japan-liposome-mediated gene delivery to vascular c 
ells. Ed. by Baker AH. Molecular Biology of Vascular Diseases. Method in 
Molecular Medicine: Humana Press: pp. 295-306, 1999) 0 ^7c s 

5 (WfctfGFP-CIU* L-C) o Z(D£?\Z.LXmj£VtcMZ, CIU£|s3^«5 

zt&x-ZZ (wooo/70070) o Witf^^f^tiW^ix^^rtfittofcStW 

(VLP30 ©ttffitt, M^«y*°7^^^ 3 ^^^V^fch7^7^^ 
^3>-^j;!)tfp^t^-e#5o #1 X. riDOSPER Liposomal Transfec 

t ion Reagent (Roche, Basel, Switzerland; Cat No. 1811169) £ffllvCfT5£ 
!M/WMft*&£t?fc3V^£*ftl>?8«c lOOMlfcDOSPER 12. 5m 1 



WO 03/093476 



43 



PCT/JP03/05528 



^^TU^^fM* ( P H6.5~7.5) % 37°C. 5%C0 2 , SS^T^*^ 

&m doss of function) (D^mmw^-r^K h^nm^^xm^^-r^ 
^ximm^mmi-^um^^mm^n^^-^i-^i&^^BmKm^ 

rttfs-etSo ^M^^MMtn, ($l*.f332°C) tcit^ AS. (^3^«3 

(37^) T-«^tt«t>tt^^/^^^ff^-r6c^ 

IBieiWS««t?t5^ -r*t?-fefF^#T*-<^^- 
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T S 7 I&SMk $> -5 V ^tfil<D (-) URNA * /v*M^ 6 « ft b ft P 
gSrgtf <D %&mKm V^ 5 £ t iS-C * 6 0 - - -CG69 £ fcM & ||tf>69# g ©7 
5/IfeGly % T116i!(*MMe®©116#@(DT5/mThr, A183^ttl@eif0183# 

te*^Tt5r.iiS*lfefL"CV^ (Garoff, H. et al. , Microbiol. Mol. Biol. Re 
v. 62:117-190 (1998)) . SeV M^fiKKl^-Camphiphilic a -helix fc^ 

H£*VO> 5 104-119 (104-KACTDLRITVRRTVRA-119/'iH^J#-§- : 4 5) fiijSfiffigjEfe 
l-fi^^^^ L-C|HS£*l"CV^£ (Genevieve Mottet et al. , J. Gen. Virol. 
80:2977-2986 (1999)) i)K SR<S*r±(-)«flRNAl>^/V^M"eS< «#&*VtV* 

M^e®<^T$y^ia»(-)^RNAi>-r/^T'®MLT*5?), fti^7^y 

!7 /V* ffif^&V ^ X \mfaV>m 6 fft±*il LT <£:«J330~380T ^ / Btt» ft 

{SMfe& s KV N (Gould, A. R. Virus Res. 43:17-31 (1996), Harcourt, B.E et al 
Virology 271:334-349 (2000)) . lot, SeV M®6®tf>G69, T116. 

&.iMi83tftin&T ^ j msM%\z.mfetz> r. t ^Rrtg-c$>5e 

SeV M§fifftf)G69, T116, SD ? A183t^-f-^teO(-)^RNA!>^/^M^e® 

©ftisi*«iJtfc©r$y*tt N suef-efcfttfx fl;tfmASTfc£©T$/«ffi?!i© 

**B5^-**^/5A (77^^yb^^j|ot©) ^fcfiCLUSTAL W 

n t «fc «? PIJ&t-5 - £ 5o «*.tfSeV MMe«OG69l£*SS1-6#M® &g 
Oft|II|$f££ Ltlt human parainfluenza virus-l (HPIV-1) (»f*B&S) t? 
$>tl/ffG69 % human parainfluenza virus-3 (HPIV-3) T?fettffG73, phocine dist 
emper virus (PDV)*5«i:tJ ? canine distemper virus (CDV)-efo;ft,f£G70, dolphin m 
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olbillivirus (DMV)"Cfctt{^G71 x peste-des-pet its-ruminants virus (PDPRh m 
easles virus (MV) S & itfrinderpest virus (RPV)-C&tU£G70 % Hendra virus 
(Hendra)^3 c fa ? Nipah virus (Nipah)-efotUfG81 % human parainfluenza virus-2 
(HPIV-2) Xhfl\tG70 s human parainfluenza virus-4a (HPH-4a):fe itWiuman p 
arainfluenza virus-4b (HPIV-4b) T?fctl/ffE47 N mumps virus (Mumps) Xhtl\fE7 
2*mft>tlZ> ^iffftT^I^©fti^t) c SeVMSfifC 
CDTliejCtl^i-^^MMSK^HllfP^i: LT&s human parainfluenza virus-1 
(HPIV-l)T*felX^T116, human parainfluenza virus-3 (HPIV-3) Xfb\tTl2^ pho 
cine distemper virus (PDV) *5 <£ ^canine distemper virus (CDV)"efo;h^T104 
x dolphin molbillivirus (DMV)"C$>tU3:T105 N peste-des-petits-ruminants vir 
us (PDPRK measles virus (MV)*5<t ^rinderpest virus (RPV) -C&;ftf£T104, He 
ndra virus (Hendra) jo^tMipah virus (Nipah)T?£>tl>kfT120 % human parainflu 
enza virus-2 (HPIV-2) 33 J: T^simian parainfluenza virus 5 (SV5) Xhfri\if.Tll7 
^ human parainfluenza virus-4a (HPIV-4a)3o ilWiuman parainfluenza virus-4 
b <$PVi-Qo)Xhfl\£Sl2U mumps virus (Mumps) -tr&tU£T119 x Newcastle disea 
se virus (NDV) XhtUtSUO&mtf bflZo SeV M^fiS©A183^S-r5^-M^ 
&W<V^U&t VXlts human parainfluenza virus-1 (HPIV-l)-C&;ftf£A183 
s human parainfluenza virus-3 (HPIV-3) T?fetb'feF187, phocine distemper vir 
us (PDV)*5j:U ? canine distemper virus (CDV) XfotlfflnU dolphin molbilliv 
irus (DMV)"Cfettf=fY172 N peste-des-petits-ruminants virus (PDPRK measles 
virus (MV) £5 ^rinderpest virus (RPV) T?fotUiY171, Hendra virus (Hendra) 
*5itmipah virus (Nipah) X*$>tbffY187 N human parainfluenza virus-2 (HPIV- 
2)"CfejLfiY184 N simian parainfluenza virus 5 (SV5)T*&;faf^F184, human par 
ainfluenza virus-4a (HPIV-4a)io iU^human parainfluenza virus-4b (HPIV-4b) 
"Cfc^fiF188 N mumps virus (Mumps) -C&tUfF186 N Newcastle disease virus (N 
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©75/ ^icsm-r 3 ci* £^*if bfr.5 0 m J&Xttr ^ j wreh 
^fcite*njtev\ ^tf^y^r^^Maasffcifctt* G69E, tii6a 

Sr^tHtfe©^ 7^yW^ <£>M® 6 SfSrJS^ 5 £ i: ^-C 1 5 0 T?G69E t tt 
116#gOT5/^hrtfUlaK:g$k£;ftfc^^ A183Sfctf\ j|tf>183#g £> 

kog69. Tii6 N *5J:TJ { Al83fcsv^^4flil©$'^/^^Mae^t©ffira^^5^fcS:^ 

tUJlu (Eh Ala (A), fcitfSer (S) HU^I"* £ i 5 e 
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:/«{bLTl^*§^J§gtt#;OP253-505 (Morikawa, Y. et al. , Kitasa 
to Arch. Exp. Med., 64; 15-30 (1991)) ©Mit^lH^J^V^^ iV\ S 
eV M5Sa©116#BOTlirt^^5^^>f^MSeK<Z>104#BOThr. 
fiAV^^^/V^OMSeSOl^groThr^ffeOT^y^ (#|;U£Ala) 

#±3 K^^H-rSr (WOOO/09700) . ^SMB©-^*-^ *t> 

Tt>. ^^/^RNP«rff«fife1-5^^^"e#5o ^ *~©S#J&»£Bti#> Si- 
te, #£L<r±#S^:/«£^&*So RNA*SS», 
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b LTT7 RNA^U * 9— 1?liJ&@E?lJ£M U ^RNA*°}J * 7— \i%mMfoXm%l 

mm ]) ^if-f A £ = ~ K £ -£T:i3 §\ Z(DV tfiry A J: 9 IBt 1-3' » 9 fcfci £ 
il%> £.0\Z.1-Z>Z b&X*%Z> (Hasan, M. K. et al., J. Gen. Virol. 78: 2813- 
2820, 1997. Kato, A. et al. , 1997, EMBO J. 16: 578-587 RXF Yu, D. et al. 
, 1997, Genes Cells 2: 457-466) „ 

##J}C{i3' y-^-^t3'(C*ta£VN^-r/^M6K0RFtcOF^ 
6jC0RFtf>P*l ^J:U ; /•^7t^t5 , ^CS^5£V^>^7^/^^^eWORFi5 , hW7^ll 

h*Wi?\-tZ^bfrX%Z>o irn-^yfW hits WHltUm 

^J^tf^^fg^fc^V^l^X.^^/^RNP^ Hasan, M. K. et al. , J 
. Gen. Virol. 78 : 2813-2820, 1997, Kato, A. et al., 1997, EMBO J. 16: 57 
8-587 RXfi Yu, D. et al. , 1997, Genes Cells 2: 457-466 ©fBf&^fclptT, 

&<D£ofcLxmm-rzzb&x%z> 0 
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jBiv<\ 3- h*ir%T ^ /MUmzmk&it-ft^Z. o £&£8ffl&&&U Noti 

&©0-*3t^?-©aRF£ ^©MfH© !MyV*3t^J-©0RF ©ISIKlE-I-SiE^I^EIl 
J: 5 ^ 7 p 7>r-v- t l'fi3-I-SE^I*fctt j e©»^^«>5 £ 5 Kir*. 

fcffif© 2 EJLL©5l ^ V^-^ K L < ttGCGfc £ TJGCCft if ©NbtlBflfcg&flr & 
*©BHW^*;h^4£^ 55fc#*L<ttACTT) SrSftU -t©3* filJOfotl 
BflWMfcgcggccgc SrfWn U $ 6> fc* ©3' ffiflte I? — SH^U £ LTffit © 9 ft 
mtLtitt 9K6 <DimiiZtoz-tcmcDmM*ttto U £ fc fc-t©3' «fcj?r3©cDNA 
©BB&= K^ATG^b m*^«>T0BF©^25*6SffiS©^S:#*D Vttmtir 
Z> 0 *^©»«G^ fc ttC £ ft 6 <t 5 fc0fcgfS©cDNA#> *&2S|fcS«S:3fc IT7 
;M7- V =H)NA©3' ©^ir-T 6 £ £ LV\ 

y s<—xm&&ms2Mm' »bffii© 2 bu:©* * k (&* u < nsx, 
$ &iraiH-5fcfc©if AWtf©* y =n)NAtr#*p-r5o r.©* y ^dna©s £ 

E-I-SE^^tfft^ftjftPCRii*Bm«J©NotI»f^-©«g3iS 6 ©f£»fr 5 £ 5 
*ft£lfe&8S!fH-5 (V\b#£ T6©/U-/V (rule of six) J ; Kolakofski, D. e 
t al., J. Virol. 72:891-899, 1998; Calain, P. and Roux, L. , J. Virol. 67: 
4822-4830, 1993; Calain, P. and Roux, L. , J. Virol. 67 : 4822-4830, 1993) 

0 z<D77j-?-KE-i-smF\%mQ-tz>m&\at, wxmK<D<D*v =?dna©3' 
mk± y 4 sv* (Dsmw^mmn, v < ws' -ctttcaccct-3' (mn 
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##: 8) % mmvftffimmik #&l<&5'-aag-3\ mMofttimsm; u 

tb<«5'-TTTTTCTTACTACGG-3' (|H^J#-§- : 9) x £ tbfcZ <DZ' MKWiM<D cDW 

0 

"-pBluescriptONotlMiWA-TSo '&btltcmm®0&mffi]%*S—?^> 
t-tiil, lEU^gB^J©^*^ K£WW*a. ^<D7°77*^ K^b#A» 
ftZKotlX*® *) Iti U £V AcDNASra tr:/7* 5: KONotlgB&l^ ^i" 

CTflMfti-* 3 (Yu, D. et al., Genes Cells 2 : 457-466, 1997; Ha 

san, M. K. et aL, J. Gen. Virol. 78: 2813-2820, 1997) 0 08*. tf* NotlfaJPt 
UtiL&G-fZl&ypOX^—tSW (5'-(G)-€GGCCGCAGATCTTCACG-3') (gB?lJ# 
f: 10) ?u~~^y&fl1t±>?4$4/l'X?/.MV!& (pSeV(+)) 0)V 
— ^ — SB^IJ tm^m<D0?F t ©BBfcff A U T^ffflfc * <t /VX0>T>WS J* 
m (antigenomic strand) ft*©&aHafy A«Mfc^tf^^5 KpSeVl 

8l> (+)£#£ (Hasan, M. K. et al., 1997, J. General Virology 78: 2813-2820 
) . 

£\ y/ARNA?r^-K1-5cDNA«Mm-e«LT, iet^rtF*^077^ 

ef»fi©iil^©^7^? K±T?ff3. ISIACft, iifi QuikChan 
ge™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA) ftifSrflJ^ L- 
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JMfr* fc HtftftffcW* ftfc fe x £ ft «r£tf 7 9 ^ ^ b U 
t> £><£*^V AcDNAOHetfe^ t Bit 5 iet£W»£#lo 7 

53 <D^< ? —(DWt<D #> W <Z>^< 99'—to*;4.WfJ ARNA& = — HI" 

£V AcDNAfl* fe © 7 -f <Dfffll^fi^^5fe?r^J^ LTfr 5 - ^ s_ e# 5 (W 
097/16539; W097/16538; Durbin, A. P. et al. , 1997, Virology 235: 323-332; 

Whelan, S. P. et al., 1995, Proc. Natl. Acad. Sci. USA 92: 8388-8392; Sc 
hnell. M. J. et al. , 1994, EMBO J. 13: 4195-4203; Radecke, F. et al. , 199 
5, EMBO J. 14: 5773-5784; Lawson, N. D. et al. , Proc. Natl. Acad. Sci. US 
A 92 : 4477-4481; Garcin, D. et al. , 1995, EMBO J. 14: 6087-6094; Kato, A. 

et al., 1996, Genes Cells l: 569-579; Baron, M. D. and Barrett, T. , 1997 
, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R. M. , 1996, Proc. Na 
tl. Acad. Sci. USA 93: 15400-15404) , £ftfefl>;frifcfcJ: !K 4 Is? A**. 

^if, *«ttPrtlfe7-f^^ W&SVJA'X* m&tJA'Xs yyy—^xv 
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ftSrSSSi-ST^S K^!?^ /V^^<^ ^-OiAtJ: o tilt 5 r t 

tit>&$m.-rz>7'7x$ Ko^AfcioTttj^-rs. cnb©!>^;^ifif© 

(D^tr«, m*<OY7>*7*9*sa^^&nJ&~Z%Z> a Wz-\t. DOTMA ( 
Roche) % Superfect (QIAGEN #301305) % DOTAP, DOPE, DOSPER (Roche #1811169 
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»rt^Ct>-^-^•**©DNA^SASC^:36S*P6;^^•CV^S (Graham, F. L. an 
d Van Der Eb, J., 1973, Virology 52: 456; Wigler, 1L and Silverstein, S. , 
1977, Cell 11: 223) . Chen*3 £tK)kayamaf3: V7 ftW©*3^Sr*fe 
ffU 1) im&b&tfJm<DJ > s*=L'<~i/al/&ft% 2~4% C0 2 s 35°C. 15~ 
24R#JBk 2) IWAB:ll«tt±59ltt©t>©«MSHfe8S*<. 3) ft®«*©DNA^g 
ft 20~30ixg/nl(Dk%mMfttkmmbtlZ>tn j gVX^Z> (Chen, C. and Oka 
yama, H. , 1987, Mol. Cell. Biol. 7: 2745) 0 ©O^jfettx — iiftfc h 7 
^at^^a^jiL-CV^So **< tiDEAE-x>* (Sigma #D-9885 M.W. 5X 

io 5 ) m&*mm<Dvmmmitxmm u f 9 ? * * a ^&fr 5 xm*$n e> 

&5fc&fc:^nu3ry£}jn;t 5 3 (Calos, 1L P., 1983, Proc. Natl. 

Acad. Sci. USA 80: 3015) 0 ®©^fett*«S*7Lfeil*Wt*L«^feT?, MI 

Afctt* b7^7x^:/3y^l^lLTV^5 0 Superfect Transfec 

tion Ragent (QIAGEN, Cat No. 301305) x 3; fete D0SPER Liposomal Transfecti 
on Reagent (Roche, Cat No. 1811169) j&SJBV^tbSJ&S* r.i^e>^^:^WIS§^^«^V^ 

o 

24^ b 6 ^H^OT 0 ^ y * ^ V — h * fc{il00mnr< h ]) M.mX\ . 10% !7 *s 
«i(FCS)joj:tm^f (100 units/ml ^> V £1*100/* g/ml 
V? h W iX^ ) *<5t£M'P&%.%i& (MEM) V ^iM-WHS 5feNB«LLC-MK2 
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%m£l00%=il/7/l'^l' FfcfcSTfe-CJtfltU 0l*.ff l^g/ml psoralen (^7 
VV) #£T UVBBJt^S5r20^-^aW^bLfc, T7 RNA#!M 7~t?**S1- 
5i&&;t!7^i/=T!7^vV*vTF7-3 (Fuerst, T. R. et al. , Proc. Natl. Acad. 
Sci. USA 83: 8122-8126, 1986 s Kato, A. et al. , Genes Cells l: 569-579, 19 

96) %2 pro/mfi-easfcSita. y7\s><Dfflia&&±twm&^tt&kM& 

•f*^fcas-C#*. miBMOfl. 2~60^g. *9#*L<r»~20jig©»ifc*.* 

V <{ AsXtotf / ARNA$r=>— K1-5DNASr % 17 ^/V*RNP<D&$lCi&^& 
yxl^lt^^^Wief ^W5/7^5 K (0.5~24/ig(DpGEM-N, 0.2 
5—12 m gGDpGBiH\ &,J;O ? 0.5~24jug£>pGEAr-L) (Kato, A. et al., Genes Cells 
l: 569-579, 1996) t *(CSuperf ect (QIAGENft) £JBV>fcP -#7^? >fe 

*Jfcf± 2:1:2 £1"5 r t^f; L< , 7*7*5; K*tt\ 0!l*.tfl~4/i g^pGEM- 
N s 0. 5~2 m gOpGEM-P, & WlM^ g©pGEM-Lggl?3t!J|^i~5o 

h7^7x^^ 3 fc«£. ffiW.K «t 0 100 jti g/mltf) !)77^^ 

(Sigma) Mv'h^77tVv'K (AraC) s J; t) U< f*40/zg/ml©V h V 
^TytVixK (AraC) (Sigma) ^^.^tfjfiL^-a©MEMT?^#U, P*^— 
T !7 -f /v* (c £ 5 jBM&*ttSr*^fc t t*&s 94 ;\>*<»mW*&XK-r 5 i 5 
£3l8ffi©*tt*&Rj£1~ J 5 (Kato, A. et al. , 1996, Genes Cells l: 569-579 

mz-ft, D0TMA (Roche) % Superfect (QIAGEN #301305) „ DOTAP, DOPE, D 
0SPER (Roche #1811169) ft if^f fe*L5 e Ky-A^Wfr^KCfcfc 
„ ^nn^V^n^S- t&T't5 (Calos, E P., 1983, Proc. Natl. Acad. S 
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ci. USA 80 : 3015) . RNPj&^A£ftfc&HJ&-ete, RNPi^O^'T^Jt^f-©^ 
S^i:^t?t5o W*«tt* #iRkr3 0_L££«9 3g-r o #btLfcRNP«-80°C«# 
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) m&&9&K<Dff&&frT* toBfo-cs*? wok p* ^i^i 

6ft, *5iimy/ARNA^tfRNP?riii|g$*6Xm, *5<fct* (ii) 0E»U&©J& 

«^fc^^LT*5D. (b) ^leir-fcoT, ^es»r»^ 

lift $ ftfcS 6 SC& =* ~- Ki~ 5 / ARNA^^-T 5W;WtK'feot, ( 1 ) 

(i) ^7'^ y ^^^©if^ssitgeK^fcii^t gustos eKSr&^i"* 
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SfcttCre/loxPfc if©Wi IC * SSMftftft ^Sr^Jffii"5o Cre/loxPlf^ 
KOfll^tfi, 09*. tfx Cre DNAD = £fc £ t> at^f-^ft 

Zmmm^LZtlZkofcmnZtltc-??*^ KpCALNdlw (Arai, T. et al., J. V 
irology 72, 1998, plll5-1121) m%mTZ> - t&X~% 5„ MSeK«:l8fl"t?t 

Lfc^»jk^iX^jflL»(FBS), ^=^JJ M^f P *A fcitf* h 

50Mg/ml^ratfcMEMT'37 e C N 5% CQi&t&ttZ, Cre DNAU 

K^s yv^yVv-^Afe (mammalian transfect ion kit (Stratagene) ) 

fflz-t£, IOcbTV- M:JBV\ 40%3y7/V3c^h^-t^WU7tLLC-MK2»{C 
lOng^mm^yX^ KSrSA^x 10mlcD10% FBS^tfMEM^ffi^T, 37t:©5 
%C0 2 >T^*a/<-^ fc -«t , -C24l$nJ(a|-t-6. 24B#P B mfd$IJS&£tea 5 U lOmlifc 
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mzmW&, 10c»V*-l'5tt&JfiV\ 5ml lft. 2ml 2ft, 0.2ml 2ftl£*f£\ G4 
18 (GIBCO-BRL) £1200 n g/mlSr^tf 10iri<m0%FBS£^tfMEM^&fcTlg«£ : fT V \ 

2 h e> , n 0 mm u i&te*<o£jm*&<om$izft o . 

^MfCi^^WbTtfcG418mtt^i-»^^^--^^y^^^^T 

s 5„ ^ofcftfctt, «x.ff±ia©ies3sajiaoaR*2iHi*^r± 

%mk&V4frX%fr&M£.£l£Z>Zb&'?%Z> (WOO3/025570) 0 F 

ft, 77/ ^-f/V^AxCANCreSr*»feO^Sfe (Saito et al., Nucl. Aci 

ds Res. 23: 3816-3821 (1995); Arai, T.et al. , J. Virol. 72,1115-1121 (199 
8)) lUill, &l£L<te moi=3 mMT*mn2ltXft5o 
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/w<— h 7 7 ? v 3 y UT % £ v * U 5 v ^iRNP£m£-r i 

^mm^m^^iiifs «^<#^/w^to. m%.& ixio 5 ciu/mL^± 

, & £ t < {3 1 X 10 6 CIU/mL^±, £ K) L < f± 5 X 10 6 CIU/mLm±. <£ 9 
L < « 1 X 10 7 CIU/tnL£*_h, <fc 9 L < & 5 X 10 7 CIU/mL^±, iD^tK It 
1 X 10 8 CIU/mLW_h. £ 9 L < ft 5 X 10 8 CItymL£l.k<DtimX £ -f /V* U^M 

m(omm^m^ikia^^^ti>^mx%^o ^4^<oti»i, *wnm& 

&Tfmzm$<Dj7&K£. v )m%.i-Z>Z.btfX%Z> (Kiyotani, K. et al. , Virolo 
gy 177(1), 65-74 (1990); W000/70070) 0 

MX&m<D v a AcDMy^ bm^&x. ^ w w<9 tc 

(a) *f J ARNA (tf<J^J7*mXh*#Tj7*mXt>M £r=— K"t"SDNA£: 

f, *5iT>nNMfiS) *mm-z>»x&^£itz>j:ms (b) ftM^. ifefeft 
c ) ®mmfrtbmmtemzmW:tz>xm. U) ^ttwt)«^ta^^ 
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-r^nu, &5lx$ ( e ) w&mmfrhvjfr*m-*m&-rz>TM. &£t*js 
teWfoMmmmfe w zmfe-tz ^.tic^n - 1 #T»t? s 0 ha& r en do- 

JWfcftfctts ^-fLLC-MKa^flJiai: 5X10 6 cells/dish^lOOmmOi''^^- Wdf< 
o T7 MktfV *7-^K£Qtf/J>.Wi<Difc^*ftt>&Zm&Kt*s »*&*24R# 
IRIII. (psoralen) h&6&MM (365nm) -C20^|SJ^SUfeT7JK V * 

9 -if S:|8^i-5 y =r V tf^V h!7 ^ i^T !M (PLWUV-VacT7 : Fuerst, T. 
R. et al., Proc. Natl. Acad. Sci. USA 83, 8122-8126. (1986)) SrMOI 2@^t? 

yy^7x^ hi" -5c KOiJfctt, «i» 6:2:1:2:2:2 fcf 

5 £ £ 1 5 2* £ fttc BUS * *l*V \ 5l$IRItt&& Jfti iff «r££ ft V mETC 2 0gfe 
40/xg/mLCD Cytosine 0-D-arabinofuranoside (AraC : Sigma, St. Louis, 
MO) Xtf7. 5 /z g/mL©Trypsin (Gibco-BPJL, Rockville, MD) ^tfMEMTrig^l - 
5 0 24^ia**«. ^8.5X10 5 cells/dishfcfc!?i3:M^S^«^1-5» ( 
M^VW*— $BJfe) £M U 40/ig/mLO AraCRtR 5ju g/mL<DTrypsin£r*atrMEMT* 
Bf^37 e C-eit*-r-5 (P0) . £ftb©SM&&iaiRU h£2mL/dish 
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(D t. t,U^/W<—BM^- Y 7 *Sa > U 40 n g/mL© AraC, & £ Tf¥M. 6 

KSrSS-et 5/dt7- if ?r^iL»^^^V^MEMSr|BV^32 c C-e^-rS (PI 
) o 3-14 Blft««±n!fO-»ftfc !K fffc(cWUfcM^;w-?-»«^$ 
-Br, 40/ig/mL© AraCfc iiXM^nTT— if Srd'^JiLM^r'd'^ ^MBM^rffi V ^3Z1C 

x^m-tz (P2) o 3~i4Bm^tcimuLtcu^;w<-m^Kn&mm^ 

7BM#*i-5 (P3) 0 r©J:5l!:S*t«Sr3llI^±»D3g-f^i:»!:i9x 

5 :7°n r T— lfo^#^T-e^T 5 - 1 J; 9 5 - 1 istf * 5„ ^f-^^c 
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!7 ^ /v-*-^ $--&W£&-tZ> - £ So -(Dip fcS6ltK:4$te 
ttRtt*V\, flfcHMcJgttnrti**-^* (VSV) OGSSff (VSV-G) fc£tt#3i 
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tfmfbfoZ (W001/20989) 0 

u-t^t ?-zm zmm^mxirfnf, ^-m-e^tii-s vjfrxm&nfr 

??-(DM&m%*:m>o1&=<x hX£M1rZ>zt&X%Z> 0 :3ib®^w 

ft* V^^Xl&fc^ftkUVX^Ztcfr, 

/K*{tJt-<?V AIM < ft 9 1M X(£*t v^*afc^£&£rf 3 ^ £ 
trig W^IP M^fe £ * - £*S*Si" S # T? # S ^lEtt % & 

<Dm*-$}ttm&miz.mmistix^z> wm^m, (1993), r#^^%o« 

grflfXP h=r-/HII, ^#i»§4l^J , J?£*±, pp. 153-172) 0 A 

0y*.tf % gj»^^«^^Att9~i2 0F^ 37~3tfc-e&*u 
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nh=-/h| , JG$k%.m, ^v^t^-lfc, pp. 68-73 (1995)) 0 

fhti^^ti/S^aest (tt^ft y r— L-djn*fc«aftB:iJfe< ) 

i 9 » * b < f450%^±s » * b < tt70%EUu i *) 0 * b < tt80%ELh. $ e> 

b < mo°M±z - i =fc I? »5 r t as-et 3 e ^7 5 * y ? 

#yf-S/#7l' Ka$^*7VV&jlV^#& Oft&Bg62-30752#&$U #^Bg62- 
33879#£3ft, i3itm^B862-30753-§^a) , £ £ 7^-;*M^r#*f*5 <fc 
tf/*fcfc^e©$H*fcK:M£*S;fri& (W097/32010) - 6 

o 

ot, ^S©^^-tt, feSynxT-if^mi-SM^^tbfcit^ 

tftT^Tfcs ^^fci^^^-SrSalS-frS-fcttJibV^ b^b*» 
PJtfV<y>-te. ^^i-Syci^T-ifS^jtiibTV^m^^^^- 
< gfl £ * 5 TV ^„ £tfE#i|lifc0>a§»f: bfc^UBBS 
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SA^olfflfctm ^ IMRiWk *5ir«ftttH»y (RA) SrttC 

ttok^u^^feSW^a^e* (pbs) fe^Taa^u-rfflj^fci-s^ti^-ct 
Si-sc: t #"srffi-e*>5 0 S^ft*^* ^-*»4»* b< fi^lO 5 ciu/mi^e>«& 
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10 11 ClU/ml, £ V) & £ b < \mi0 7 CIU/ml2» b mo 9 CIU/ml, ft U < X 

io 8 ciu/mid^^5x io 8 ciu/mi«Hi^o*^^±^B'srigM*4 , -e^i-^ 
&£fl;tt 2xio 5 ciu~ 2xio 10 ciu##£L<* &#H]lft3\ im*fcf4B^± 

y^K t5/^ l>v\ <i%t£}£±X<?>v%%Mi®&'StLhZ>o 

§ ^ ^ * - *m v , ^tto^ t «F^w ^ $ - £ £ 

— ©ja3fcSr*=^— -fSfca?)©^-;*;— 3tfi : f-tfcott>i<^ fc5v^tt*©?& 
/Mr>\ ^©«i^#Jf fe*T/S« *35W«V<^^-r±x *^<&tt& (in vivo) 
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nm*mz.&A-tz>M& (ex vivo) &ttz*>&K&5-'t&z.b#-it$ 5 0 
mt \sxm*tkzom&fe&fz>w&<r>mm (mm, w&> 

tmifbtlZo L2>>U gffe^&l^MMP, uPA, tPA&ifO^ax 

7-f©M©i£v ^ © % 5 £\ zfxi "rr—^m\k(D%m<o^M^ X o r £ 
©III, ivUBOiiff*^ ^tto^^y-^^Wi-iiAbfc^^t OttL 

HI 2 tt % M3tte^©2&^&g14^»At- J; 5 2 a^ffltmww It g ft t UT 

HI 3 f± % SeV18+/ A F-GFP^teSeV18+/MtsHNts A F-GFP&, FM 6 *Wm8&%t 
(LLC-MK2/F7/A) lOfiBfeU JEr^^Z^RtWTt:^ 6 0 W«*«OGFP55 

04 fit. SeV-F^6^^p«m-r5» (LLC-MK2/F7/A) KlOl^ 32°0&V^ 
37t:^trypsin^J^L^^^^V^MEMT^*U^B#^(CF^e^^.#^Western- 

H 5 it . LLC-MK2*fflJS{J:SeV18+GFP, SeV18+/ A F-GFP^V ^SeV18+/MtsHNts A F-G 
FP£m.o.i. 3T-«L32 < C, 37 C C^V' > {^:38 C C'T?J## L 3 0 ^CDGFP^^,^r^"t"^|^ 

0 6fij\ LLC-MK2»(CSeV18-K}FP, SeV18+/ AF^FP^cVM3:SeV18+/MtsHNts AF-G 
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^v^mm^m vitim±Moft&3m&£& (has^) z^i-mx-hz 

o 

0 7t± x LLC-MK2«(CSeV18+GFP, SeV18+/ AF-GFPj£WiSeV18+/MtsHNts AF-G 
FP£in.o.i.3T?JSSfeU ZTKV%m2Z'&Olgm±titRTMm*®Ul>X, 1 lane 
^06 well plateig*lwell#<m/10*B^;»£;BV^ ijLMftftSrflJfll LfcWester 
n-blottinglCfclJ^fefc, «F^i:!7^/^ll^-X^^/V (VIP) BI©MI6© 

0 8 » % llC-MK2«i£SeV18+SEAP/ A F-GFP^V ^{iSeV18+SEAP/MtsHNts A F-GFP 
*m.o.i.3-C«lfeU #*12, 18, 24, 50, 120^^^-^^y ^^Ufc^#± 

0 9 fik LLC-MK2*Bjai!:SeV18+SEAP/ A F-GFP^V ^±SeV18+SEAP/MtsHNts A F-GFP 

&&^-tmxhz> a 

01 0 {4, LLC-MK2^liS^^:SeV18+SEAP/AF-GFP^V^(4SeV18+SEAP/MtsHNtsAF-GF 

p*b. o. l sxmm u mms atfcty/yy^ * -r 

/KX£HlJfcU 1 laneii*?6 well plate#||lwell#©l/10ffiiiift5:JBV^ 
fet^SrflJffiLfcWestern-falotting^i $#«>fc!7-f /l"*8i>*— ^"W ^/VfiSr^-f 

HI 1(4. LLC-MK2, BEAS-2B^V^{4CV-1»{C SeV18+ /AF-GFPj&W3SeV18+/ 
MtsHNts AF-GFPlirm. o. i. 0.01, 0.03, 0.1, 0.3, 1, 3, Jfcflf5r£* 

JHiofc||Jfi|<*tt*35H-H , T?*>5 0 nCj|«»ft©»l6S:liJffl6tt*I (Triton) 
SrffiV^T100% lysis LfcB#<Dlit£l00%£ Ufctt«llTf*Ufc. 
EI 1 2 f± % LLC-MK2&BJ& £SeV18+GFP, SeV18+/ A F-GFP^V % teSeV18+/MtsHNts A 
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F-GFP£m.o.i. l-CJBSSU 32U 37 , C&Wi38 , C-«|fcl U M2Bi« 

il3ll A-10«^^:SeV18+SEAP/AF-GFP^V^^iSeV18+SEAP/MtsH^ I tsAF-GFP^ 
B.o.i. 1 T?«feU 32«Vn«37 c CT^*U, 10%iL^^tfi#*T^*l 0^^ 

@14lt A-10«^CSeV18+SEAP/AF-GFP^V^^iSeV18+SEAP/MtsHNtsAF-GFP^ 
m.o.i. 1 -CJSifeU 32 < Cn£^te37t;-eJg*U 10*lfc»^if#:H&'T?«fll2 BfHC 

ir^-M~£hZ>o A-10»tSeV18+SEAP/MtsHNtsAF-GFP'lrm.o.i. 1 -CJSSfeU £ 
^fclfchtf «^It"fc5 3;l/fcfy (colchicine) ^V^a/l^fe? K (col 
cemide) frltftftljiMfc&S «t 5 32 < CT*I&^ Lfc 0 10%M^tf^ffi 

Ull 6 {4, M^eST^M6©^JiartM^^R^i^/J^M^^©^^ 
t^JSt? 5 0 A-10*|BJ3&fcSeV18+/ A F-GFP^V ^SeV18+/MtsHNts A F-GFP^rm. o. i. 
1 "CtfJfcU it£fctt/h^OJKfi^WSlT?*>5 colchicines^ 1/tM lift 
^ <fc 5 fcSfcbP U 32 0 Cl^te37 e CT^a bfc 10WiL»Sr*tf*i6^#«2 B 
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B2 1H\ ^P-=y^LfcM CftTJF) KBfcR^mrSlMSfcoVvC, Cre 
DMy^^tf^—if^H^-rsm^X-Txy (AcCANCre) &tf3k4K W 

estern-blottingt £ SHRltt® 6©¥£i^fc&^8&^^"eS>5o 

B2 2tf\ — /V*— (LLC-MK2/F7/M) * n~V#18&t^2£J^fcM&&Si 
SeV (SeV18+/AM-GFP) W /^W^L^ir^-MXh^o 

HI 2 3 ft, SeV18+/AM-GFP<D!>w;^^tt (CIU£HMJ©»#&te) 

H 2 4 SeV18+/ A M-GFP<D If !) 3*" OJt^ «3tStR©^OBT-PCR©fem 

^2 5fi N SeVl8VAM-GFP©£wvV*1f^£M6©®tofe$W~'5^s LL 
C-4K2jBJteiaSJfe^©jftJiaR. O # W /VX^fi (COV ^TWestern-blotti 

ngSr^T V \ SeV18+GFPRU«SeV18+/ A F-GFP t © Jfct!Bfc*fcaH"W"T? fo 5 . 

ID 2 6 ft, SeV18+/ A M-GFP&T;SeV18+/ A F-GFP«IlC-MK2»jg*±?jf 4 1 © ? 
-f^ft3ta6©£llfcft (ft3R3KW*f^»b-CWest«rir-blotting) 
T?fc5 0 ^tSeVirCft: (DN-1) tlV^ 

ID 2 7 ti % SeV18+/ A M-GFP^V * fiSeV18+/ A F-GFP£LLC-MK2f ;im. o. i. 3X*$k%£ L 

11 2 8 (4, SeV18+/ A M-GFP^V^tSeV18+/ A F-GFP It LLC-MK2 tCm. o. i. 31?^^ t 
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m 2 9 tts SeV18+/ A M-GFP^V ^SeV18+/ A F-GFP^rLLC-MK2fcm. o. i. 3-ClBSfe b 

, m$k5Bmz.®ULiti%m±mz'O^Xs w*-v tvnty-j* (Do SP er) 

*m V ^LLC-MK2iC h 7 ^ 7 * * V 3 V Lfc 2 0 ^0^^^^^^*^ 
liiS^J^^SgOgH^J^^^x^ ^Lfc 0 ±A»e>0fcBW»* : 4 0~4 4 

o 

03 1ft, FOSttM{±5r^bfcM^MSeV-<^^-©cDNA#^^^-A^ 
03 2 ft, F^lgM^S-fe^V^-l'/V^^^-(c:J;57 0 n7 i T---€ft#^ 

LLC-MK2 fc/B V ^ , F©9fc3E J: o T * n fr-ftfe#6S fc«S4-£MJiffe 
#jteLTV*3i&»«:?i#>«>fco SeV/AM-GFP (A, B, C, J, K, L) x SeV/F(MMP#2) 
AM-GFP (D, E, F, M, N, 0) „ SeV/F(uPA) AM-GFP (G, H, I, P, 0, R) <D&lX 
£M<DSeV&lM1&\US&£& x m$ffc 0.1/zg/ml collagenase (Clostridium) (B 
, E, H) , MMP2 (C, F, I) , MMP9 (J, M, P) , uPA (K, N, Q) , 7.5/zg/ml Try 
psin (L, Q, R) £jD;tfc 0 4 0^, £#»WtT?«*Lfc. F£&^LTWj^Se 
V/ AM-GFPft N trypsin^0^fcLLC-MK2"C(7)^, jffife L7i»<Dji *> £ £KJSS 

Bte-fc^U mi^lll^^^, #gC#PUfi-efc5synthitiumSr^Ufc 

(L) e MMP ^pga^JSrF^^ii^f£SeV/F(MMP#2) AM-GFPft, collagenase, MMP 
2, MMP9 »X.fcLLC-MK2T% jM&fi&iM3te#3ig>;h/* #©EjWJfit?*>5synthiti 
um^rfl^JtLfc (E, F, M) 0 — 3k urokinase-type plasminogen activator (uPA 
) , tissue-type PA (tPA) ^K^J&Ffcfc*&A/7^eV/F(uPA) AM-GFPTrft, tr 

wsinvmmm^mm^hti, * ib(c«b7^ ttio-cuPA-e#^»x* 

fcSsynthitium^fifeUfc (Q, R) „ 
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03 3lt F$»^ity^ !>^/V^^^-ia5i«©/nf7- 

MMP^MiiiJiS&T-fc5HT1080 (A, D, G) , tPA3§^#c-?fc5MKN28 (B, E, H) 
, ^b©/D77- 1f%^LTWj^»&SW620 (C, F, I) Srffi^T, ft 

fc, HT1080TiiSeV/F(MMP#2) AM-GFP^KM^i^©^^^^^ "CV^T (D 
) , tPA|§m*M28Ti*SeV/F(uPA) AM-GFP(D^^|Bj}§S|.^^Ot>5^ 0 

(H) o ^feb©yoxT-^O|S3gfc*VvSW620-et±^<lBSb«>O'5* s !? 

HI 3 4 (i, Phorbol Ester ^ £$M!«^£F&^fc&^ir>-£V !M fr*'*? 

MMP2, 90^^gelatin^Stt^$>5§P^S< &Ut5gelatin zymography 
SctioTfitlSLfc (A) o I/— VC^MBB. (control) , T^20 nM PMAiC <fc o 
^£ftfc±m#-£J3V\fct>OT\ HT1080tPanc I-CMMP9<D/^ K«I§£*K MMP 
9^ff^£ixTV^w<i:#;;b^5o MMP2&, Pane I T'^M^^M (latent) 
MP22 m Hi £ tlX V ^ 5 ^ £> 5 fc W £ A/ ft V \ B^^-f J; 

OK, SeV/F(MMP#2) AM-GFP&, MMP9f|^J:oTlfflM^^^^tb5C t 

mmt&*^-r^nxhz> 0 

HT1080©&^- K^^^MLfco &"R-&£}iL 7-90^*^3 mm 
£ig;lfd®ft ^ V ^fc 0 50 M ltf>SeV& 1 mtcrt&A Lfc e 2 0f, $ft!BftttK: 
T^LfCo A, D, G, J&WUW, B, E, H, m^KM^-T ^GWOlk^, C, 
F, I, Ut^Ofcjz&Xfo&o SeV-GFP, SeV/ AM-GFP&&ALfc£;b K> (D^% 
tffrbtlZZtfrmmXZZ (/^;H H) 0 ^frlKM LTSeV/F (MMP#2) A M-GF 
PX\im±mzfctfZ>Zki!)m&£ftfr (^/>K) o fe^Ufc^OTii, SeV-GF 
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P. SeV/AlHJFP^JiaiOlO0^3fedS«m$tuS©^UT, SeV/F(MMP#2) A 

mm^^i-mx'hZo m3 5 ©?xtt ^5GFP<z>-!&£te&«#j^£m 

imaged io-Cra^bSiJ^bfCo ^(O^^ ^K^ti. 0 fcSeV-GFP^10%, SeV/ 
AM^FP^20lCfc5Oj£#LTSeV/F(MMP#2) AM^FPT?te9TOJiW£-btK ^ 

g£tf)SeV&&ALfc 0 2 0t, SUSAU *©^C# £Srftfl!lLfc 0 PBS, SeV-GFP 
, SeV/ M^mtM&fcm^Z fcMl-Xs H3 6"t?*b*:i5R:*^#: 

&Cj£^o WfcSeV/F(MMP#2) AM-GFP^^Abfc^«BJ b/W^^T V^l£ ;§; 
T*&o rc 0 t tfcjtfc: J: D P<0. 05i?^Sfcte© 3 m him LTitt* btbfc 

o 

MMP^»HT1080, tPA3S5M*MKN28, T'BfT- tftrfSfc^limb-CV^j^SW 
620T\ ^n^T^^SfciSWitt^^PriW^^**^ SeV/F(MMP#2) 
AM-GFP{iMMP|§^OTl080T'«>ii^b^5^> tPA?i^WN28T*li. *5ife^* 
£>*L*l\, SeV/F(uPA) AM-GFPJ2, tPA^^MKN28T*M^^^btL5^^ MMP^ 

IH 3 9f4 % F^PSSF ftS^^cSlSeV'***— ©fibroblast }Ci§MMP3, 7©^ 

SW480*5 iOTDr^o T in vitroT'f ibroblast}- £ 31IIP©^>T?FSfc3Qlfc£c 
SiSeV-<^ ©*ato&*Sfcftrt" 5 ^ 5 JMH^fc. SW480, WiDr t % fChuman f ibro 
blast (hFB) $rco-culturei"S^i:^J;oT x SeV/F(MMP#2) AM-GFP j&SjfiJJfei-* 
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£5fcftofc. (B, D) o f|^(D^fe^V^SW620T♦{i ; e<7)^^4^fetb^V^ (F) 

0 

ffe^-f^-^fc 5 0 SeV/ A lt-GFP-Ct±trypsinSr JD £ t Hi «t o -CO^MSSfefl* 
t3&t£<r>\Z.%LX* SeV/F(UMP#2) AM-GFP-ettcollagenase, MMP2, MMP3, 

04 1tt, F3fc390^c§ISeV ^-0^nT7-^tfc#liSlF©iSI[^t^E 

Byf^motlBSlt 1. 4, 7, 10 aSF£«l/tWj^lfcfc£c 

MSeV * V—V 2, 5, 8, H^F(OSiMP#2iB^J^#ALfcM^MSeV ^ 

,$r_ % 1/^-^3, 6, 9, 12^FtCuPAS5>?iJ^AUfcM^MSeV -<^^-?r±ISO 
7"nfT-t* 1/—^ 1, 2, 3; 0.1 ng/ml MMP9, V—y 4, 5, 6; 0.1 

ng/ml uPA, V 7, 8, 9; 7.5/zg/ml trypsin, I'— V 10, 11, 12) ^37^ 

MMP9^F^MMP#2|B^J^#ALfcM^^MSeV-<^^-^, uPA^F{CuPAia?!!£}f 
AbfcM^MSeV ^^^-^^m^ALfc^nxT-ifSKl^oT, Fl- 

H4 2te, F©HSaf K^^^W (cytoplasmic domain deletion muta 
^@B^J#-^ : 7 6~7 9 0 

. 5 n g/ml trypsin»LLCMK2^^-fe V *V «M A>*?9 KOZtlZMcj 
toplasmic domain deletion mutant £HN£|HB#3§5LLfc^ 40|, hematoxylin 
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m 4 3 r±» F/HN J 9 y<? ttR£tB«r«Httfc±#£*3 - 1 Sr*1-0T? 

$><5o 

a: FM^^^^iiio m^(DV ^—BM-im^m^r -.sot vtc 0 

B: F/HN ^7^^^ttLinker©ifA^«fcoTi»^^±#1"5. 7.5jug/ml t 
rypsin»LfcLL0fflC2«^nmo-fe^^-f ^/V*F/HN^ 7* fcH 

NSrB)li#3&&$*fc. 

0 4 4 ti % F/HN*M 7 * OFlM?B&^©MMPg@ia?!itf>jf AOtEB&Sr^ 

A: MMP*®IB^J^ALfcF«F/HN^^7^^^<^«ISa -b6»feMK:BW» 
: 8 1~8 9 D 

B ; MMP^m^BJlSHT1080^OF«F/HN<0|§^,^ £ 3 v^iXf- ? i^J&o 

04 5ft s F^/^K (Fusion peptide) 5!cf tMft#fe'>yi/f^|^ 

A: Fusion peptideftXttMBB. i^feHSfcKW^ : 9 0~9 3 o 

B: MMP#2, #6, fteG^AOcollagenaseCClastridium)^^^^^®!!-^^ 

o 

B4 7li, liM'|§m*©<SV^^joV^ogfe^SF3S[XM^»-fe>'^-l'^^^ 

ft<£>±?#<£>Gelatin zymography?r^i" 0 

i4 9(t li^|gm4^teV N ^(-43V^TO^MF^^^M•feV^'^^ ; ^^ 

^i" 0 r AMJ (^SeV18+/AM-GFP, T#2J fiSeV18+/F(MMP#2) AM-GFP, T#6J ftSe 
V/F(MMP#6) AM-GFP. T#6ctl4j {*SeV(TDK)/Fctl4(MMP#6) AM-GFP, fF/HN^ 7 
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J fiSeV (TDK) /Fctl4 (MMP#6) /Linker/HN A M-GFP«-T 0 
1 . ®.*tef&m&&T*tcteX& £^fcSeV^ *-<pmm 

mmm i ] umm%%mmmAsev<? / a c dna«^ 

OcDNA^SIO^ A £ HI 1 b7t 0 F^^&tCEGFPjffc^- bfcF^^c 
M-fel^f V << fr^^M:? J AcDNA (pSeV18+/AF-GFP : Li, H.-0. et al. , J. V 
irology 74, 6564-6569 (2000), WOOO/70070) ^NaelT'M U Mjf^ £r*atf$r 
jt (4922bp) £T#n~;*«^&f!rr*£$t K2r#J «9 ffl U QIAEXII 

Gel Extraction System (QIAGEN, Bothell, WA) -CHU&U pBluescript II (St 
ratagene, La Jolla, CA) OEcoRVlM n— ~>-^Lfc (pBlueNaelfr 

g-AFGFP<£>#ig) 8 Ma^^-OfiS^M^Afi^COpBlueNaelfrg-AFGFP 
_h"T? N QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA 
) ?rfiJffiLTKit^|S^O^?fe^^oT=fTofc 0 16t&? _h^«mgA£>1ffiigteK 
ondok^^LTV^Cl. 151 strain (Kondo, T. et al. , J. Biol. Chem. 268: 
21924-21930 (1993)) Oga?iJ£f1JJE U G69E, T116A&tf A183S<£> 3 O^WM 
AZft^tc 0 m%WAfctiim\stc'£rl$*y ^OlE^Jfis G69E (S'-gaaacaaacaacca 
atctagagagcgtatctgacttgac-3' /|E?IJ#-§- : 11, 5' -gtcaagtcagatacgctctctaga 
ttggttgtttgtttc-3 VMH^J#-§- : 12), T116A (5' -attacggtgaggagggctgttcgag 
caggag-3' /|H^!l#-f - : 13, 5' -ctcctgctcgaacagccctcctcaccgtaat-3' /I2£lJ# 
f: 14) IkXf A183S (5' -ggggcaatcaccatatccaagatcccaaagacc-3' /lSE>F!l#-£- : 

15, 5' -ggtctttgggatcttggatatggtgattgcccc-3' /IB?!l#-§- : 16) T?fc-5o 
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mfc?±fc 3 ffiBf^^^^f^i-SpBlueNaelfrg- AFGFPtrSall-C^MApaLI-r* 
as#itfcfcfTV\ &SN& : f-*iStt'79?*>'h (2644bp) SrEURUfco -^pS 
eV18+/AF-GFP?rApaLI/NheIT^^bUTHN^^^tf>if>T- (6287bp) SrHURU 
^<£2ffi<D$r)t£Litmus38 (New England Biolabs, Beverly, MA) cDSall/Nhel^ 
4 Mclh/*n— ~^Lfc (LitmusSall/Nhelfrg-MtsAFGFP©^) 0 HNitfc 

AH: - ©LitmusSall/Nhelf rg-Mts A FGFP±T\ Ifit^F^ 
©^J^ANf£ PlilKlQuikChange™ Site4)irected Mutagenesis KitSr^JH LTKi 

#LTV^ts271 strain (Thompson, S.D. et al. , Virology 160: 1-8 (1987)) 
©gBfllSrfUJB U A262T, G264RJttM461G0 3@Br©^^A^r ; fTofc 0 g£^*A 
fcttfflbfc-frriK^y ^©E?itt% A262T/G264R (5' -catgctctgtggtgacaacccggacta 
ggggttatca-3* / / IB?!)#-§- : 1 7 , 5' -tgataacccctagtccgggttgtcaccacagagcatg-3 
' /W5W9t% : 18) % RXf K461G (5' -cttgtctagaccaggaaatgaagagtgcaattggtac 
aata-3' /WtfU^W : 1 9 , 5' -tattgtaccaattgcactcttcatttcctggtctagacaag-3' 

/SS^J*-^: 2 0) -efcSo 4-@ti3I^V f;3 ^^^ 0 * S *^* SIJ * 0y< ^^ 
-±T'=fTofc^ N pSeV18VAF^SrSalI/NheI^{bU#b*l/5MRtmfit^f* 
^tx77?*^\> (8931bp) £Litmus38<ASalI/NheIlM Mct^n- ~>^L 
X'&btLZ^yZ^ K (LitmusSall/Nhelfrg-AFGFP) Srfljffi UT, M&tfHN3t£ 
^tf>£^M£r^A1-<5 - £ ttWT?*>6. r. © J: 5 LTJQB&XJ^A&f^ 
s M3l^f-±lc 3 flS@f x HN3t£^±fc 3 ffigfOtf 6 @@ff ©fflfSE«S^SSr#A U 
fc (LitmusSall/Nhelfrg-MtsHNtsAFGFP©^) „ 

LitmusSall/Nhelfrr^tsHNts AFGFP^SalI/NheI^m^UT|Hl«Rbfc77^^ ^ 
K (8931bp) fc, ^fcpSeV18VAF-GFP^SalI/NheIT*^^LTlsIJ|XbfcMSmiN^ 
at&F&'&^ftV^ 7 ^ > h (8294bp) £ a f LT, MRtHlNst^ 
K 6 fSBf <?>M§S« U F^£«tCEGFPitfc^£3f & LfcF££3H? 
£ frX£3k#S -kcDNA (pSeV18+/MtsHNts AF-GFP) <Sr}#^ bfc (H 2 ) 
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o 

eap) m^^mhtccmkomm^n^tio hp*>, sm^m-orm\m±^ 

^/l^^EE^J-Hl^^^tr^SSEAPWfJt (WOOO/70070) SrNotlTHjU 5 ffi b 
(I638bp) , tt^Mla|J|K • tt»U P SeV18VAF-GFP£tfpSeV18+/MtsHNtsA 
F-GFPONotllM Mm^^fc', P SeV18+SEAP/AF-GFP&tfpSeV18+SE 
AP/MtsHNts A F-GFP t Lfc (HI 2) 0 

r>^/^©ffitfifettLibO^ (Li, H.-0. et al., J. Virology 74. 6564-65 
69 (2000), WOOO/70070) W£oTffofc 0 Ffr&MV J ^.Ztclt) 
s F3&<&^/W«H»J&£5flW!Lfc. S^/W^-MfMU;£Cre/loxP3§5^« 
^f^M LTl^o S^S/^-r AfiCre DNA y a^tr-J— l?KJ; 93tW 
E^^^m-t-Si5raf|-^^fc7 P 7^^ KpCALNdLw (Arai, T. et al., J. 

Virol. 72: 1115-1121 (1988)) fcjfljffl Ufc^OT'fe 9 , 117*7* 5 K© h 7 V 
^7*— M-Cre DNAy If^lgm-f-^ffi^^Ty 5 / (Ax 

CANCre) %Saitob<D#& (Saito, I. et al., Nucl. Acid. Res. 23, 3816-3821 

(1995), Arai, T. et al. , J. Virol. 72, 1115-1121 (1998)) -C$gfc&i2:T# 

is h«£LLC-MK2/F7£|B*U AxCANCreT'«I^F^e^^l§al'"CV^5» 
£LLC-MK2/F7/A£ !Bifc-f3 £ fci"5 D 

mMmg&^^Mj^xoimj&n&Tnkofcfivfc* llc-mk2«^ 5 

X10 6 cells/dish-C100nm©Vir'-^fc*#x 248^^*^ Vyl^ (psoralen 
) fc£«E£&*M& (365nm) T*20M#yg LfcT7*° P * * y = VtT 
fyh^^VsT^/f/V^ (PLWUV-VacT7 : Fuerst, T.R. et al., Proc. Natl. A 
cad. Sci. USA 83, 8122-8126 (1986)) 1 B#nM8te£*fc (m. o. i. 2) . 

«£jkflt£^&V N MEM^»Lfc&, ^7^5 KpSeV18+/MtsHNtsAF-GFP, pG 
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EM/NP, pGEM/P, pGEM/L&T^pGEM/F-HN (Kato, A. et al. , Genes Cells 1, 569-5 
79 (1996)) ^tl^tll2ng, 4jug> 2fig, 4/x gRXMui g/dish(7)ftltT*0pti-ME 
M (Gibco-BRL, Rockville, MD) KUKSU In g DNA/SjuLti^^SuperFect tran 
sfection reagent (Qiagen, Bothell, WA) SrA*VCS£-U ^S."?^^^^ 
, ft^ftM FBSSr-atfOpti-MEM 3mL£AtK jftUSlnSSttl UT^#bfc 0 5B#r^ 
#^jkM£^£frV^MMT-2[I|gfc#U 40/zg/mL© Cytosine j3-D-arabinofurano 
side (AraC: Sigma, St. Louis, MO) JkXFI. 5 ji g/mLOTrypsin (Gibco-BRL, Rock 
ville, MD) £<^tpMEM-eig*Lfc 0 24^^*^, 8. 5X10 6 cells/dishfofc V 
KFm&ZW^^LlTZmB (LLC-MK2/F7/A : Li, H.-0. et al., J. Virology 74 
, 6564-6569 (2000), WOOO/70070) £MU 40jug/mL<D AraC£.Tj?7. 5 n g/raLOT 
rypsin£^frMEMT«Xfc2 B^37t;T^#Lfc (P0) 0 ^.fvhom^m^, ^ 
lx y K Sr2mL/dish&fc >9 ^ Opti-MEMjCl^i Lfc 0 3 H]$i 9 & Ufcm 

, ^-fif— h?r^O^^LLC-MK2/F7/At hy^X^rc^v-a 40/zg/mL<DAr 
aCRW. 5n g /mL(DTrypsin^^-iL^^*^V^MEM^^VN32 c C-ei§* Lfc (PI) 
o 5 ~ 7 9 &mm±mo-%>%: t V s » KWSl LfcLLC-MK2/F7/A£« $ ii\ 
IH40 n g/mL£> hxaCRffl. 5 n g/nlL^DTrypsin^^•iL^^^*^V^MEMl^^V^32t) 

-ei#*Lfc (P2) o 3-5 Bm^mcKmM^tcLw-mmmm&mPk^. i 

. 5 p. g/mL<OTrypsin<D^£^ikff J; ft V ^MEM^^ V ^32 £ C-e 3 ~ 5 0 W\m^ b 
fc (P3) o |IIlDlb7t^±^^«m%^^^ < t5^BSA^»b-80 o Cfc-C^# 

Z.<D%m-?m^tc&Vj/l>xmfcO?<< *-&SeV18+/AF-GFP, SeV18+/MtsH 
Nts AF-GFP, SeV18+SEAP/AF-GFPS.tJ ? SeV18+SEAP/MtsHNtsAF-GFP-C* ; ett ; e^ 3 
X10 8 , 7X10 7 , 1.8X10 8 &iU*8.9X10 7 GFP-CIU/mL (GFP-CIUtf>^teW000/70070 
\zmm -Cfeofc, ft*3s GFP^ilfebfc^^-^OV^te, GFP^ft-efflg 
hLTfelLfcCIU^GFP-CIU£^£;ft5o GFP-CIU«\ CIUbM^ 

\z.m^*7Fi-z btf^mzinx^z (wooo/70070) 0 ztitt>(D?j?—%mfe 
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-tZWks SeV18VAF-GFP&tfSeV18VMtsHNtsAF-GFPiCO^-C % FS S Sr^FfflE^SH 
-f5« (LLC-MK2/F7/A) Joa3fctl©^-^©J£*S «? £32 < C;&tf37 , CT'lt£& L 
fco J&% 6 0-&<#?Jt£BI 3 fc* LfctfS, SeV18+/MtsHNts AF-GFPfi32 < C-Cf±fe § 

mmm3~\ $ * it zmmug. ©21c) ©gum 

mmm 2 x^ vitmMiggk&mw * ^(Dnm^w^^x, pm^<D& 

fc^/VX^32T:i?©£W^^ (Kondo, T. et al. , J. Biol. Chem. 268: 219 
24-21930 (1993), Thompson, S.D. et al., Virology 160: 1-8 (1987)) 

b&fritho'ebzifi. mmmm^w^mm\m^-t^^tx\ sevwm^hft 
*jaaM*#±#u fe3mtmfr<>tcb<Dxhm$Lx*% z> xo^^mmm 

*s-T * 4 ^(Dn^nU-f^MzMM LTV^AraClC i &HBJ£*&dS* 32<C 

0 m g/mLcD AraCS-W. 5 fi g/mL©Irypsin£:^jfoft^3= fcl ^MEM^ffi V ^LLC-MK 
2/F7/A£*S« 37<CTii3-4 0 ft-?R£HlttBfttfltt $ tLfiJ3 

XT < 5 ©left L N 32 C CT'*£* Ufc^«7-10 B li+^MIi^ «TfliT? 

*b5 h^z.bth% 0 2^Btt32t:7^*UfcS^{C{mC-yK2/F7/Afc*3rt5Fae 
©*a5S|H^**UTV^5ATf*)5o FSe^^«mi-5» (LLC-MK2/F7/A) £ 
6 well7V— MC10% FBSSr-g-tfMEM'Ca^^/^y M£&5£T37 < CT-i#^, 7 
. 5ju g/mL©Trypsinl:•^^iL^t^^^^V^^lEM^e^U32 0 C^V^fi37 0 CT^* Us 
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) ^f)J^LfcWestern-blotting^pC:^T\ imft<D?&&W*¥&tlRKlSWr 

±1BWestem-blottingttOT©:£i£Wofc 0 6 well7*V- h£>lwell^bHI& 
Lfc»?r-80 C C-C*^^#^, lxrt^UfcSDS-PAGEffiif^^/W^^^T- (Re 
d Loading Buffer Pack; New England Biolabs, Beverly, MA) 100/zLT*^fi?U 
98X:X10^mMmhtc o m'Mk. ±mOAiL£SDS-PAGE<?/W (r?ASf-*f /HO/20 ; D 
aiichi Pure Chemicals Co. , Ltd, Tokyo, Japan) |Cn— KLfc 0 15mM-C2. 50#Hu 
£kft^ PVDF^ (Immobilon PVDF transfer membrane; Millipore, Bedford, MA 
) \Z± $ Vyy( ^T100mAT*lfflte¥bfc o M/P^y« (Bloc 
k Ace; Snow Brand Milk Products Co. , Ltd, Sapporo, Japan) X4?C 1 B#PH.£Ui 
^SLfciL 10% Block Ace^^^Ffet#:^l/1000^*»Lfc-^^^{- 
W:U AVX-mkMVtc 0 0. 05% Tween20^tfTBS (TBST) T*3 0, Mf-TBST^ 
IUgfe^Lfc^s 10% Block Ace&^HRP£^L7c&^£*IgGHgM^#: (Goat F 
(ab')2 Anti-Mouse IgG+IgM, HRP; BioSource Int., Camarillo, CA) £rl/5000^ 

mmmvtL-mm^mm^m^ Muximmmmhtc 0 tbstt-3 0, tbs-c3ih 

i&^-Lfc^ {Y&3&%fe (ECL western blotting detection reagents; Amersham 
pharmacia biotech, Uppsala, Sweden) 9 ^ttj Lfc 0 

[Hj&M 4 ] ^gJig«l|i»A * J fr* <D 2 (HA assay, Wes 

tern-Blotting) 

SeV18+/AF-GFP, SeV18+/MtsHNts AF-GFPt*^ £X<D$ 4 /V^W&^-fZ 
i-^^i-^GPPmyr (780bp) £HfttL7tSeV (SeV18+GFP : El 2 ) £/Bl^TJt^ 
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6 well plateK^X^^y/^yhK^M^tcLLC-mMK. 3X10 7 CIU 
/uL<D& £ W /V^SSRSrlTOllfcfc 9 100 n L^BM LT (m. o. i. 3) 1 ftfflgBSk U 
MEM-egfeM, lwellfcfc t> lmLOjfojf * fcV ^MEM£» b"C32 < C, 3fCS.T738 

ftlt^*it^T'tfGFP*m©*ftSrflo TtBf 3 U<D * << * ^32^, 37 

'cxtws'co^-c co^#iciov^-c. Busraganoagfeu ^fdSMbfcGFPogim 

#fc5£:W£ftfc (05) , 

2^CfcB^WjkM^?§tt (HA?S&) "C^SU KatobO^ft (Kato, A. 
et al., Genes Cell 1, 569-579 (1996)) \Z.$i^X?Totc 0 IP*> X %^<D96^ 
U- h *®Lm U * 4 /V^JKSrafitW^PBST?*^ Unwell 50 /* L02fg«m?'J 
Srf^KLfco ^050 m Lfcl**£K:PBS-C#3R 7 h^#J6l. (^-^M^, 
Tokyo, Japan) 50»L&B&U 4t5-ei^lBittlL#Jil3*OWI%1WS5b, 

o 1HAU£1X10 6 ^^/V^ir^t-C. ^-f/U^«fe*Ufc (0 6) „ SeVl 

8+/MtsHNts A F-GFPT? 2 fc»ttt|StWd»ft <9 ^ U 37<CT*SeV18+/ AF-GFP«1/ 
10{£^LTl^t¥«»r£*l<fc e SeV18+/MtsHNtsAF-GFPIi % 32 t C-Cfc?W 

SiJO^^fe^2^ffi^0^4t LT, Western-Blotting^ J: 6 ^4^rtT 
otc 0 ±IS t PI C «fc 5 f£LLC-MK2$Blfe (Cm. o. i. 3T?lflgfe^, MSft 2 B H Ul#§l±?* 
t »£li!H5l U *g*Jhfit Ji48, 000g-TM5#ISI3££? L V J 6 £HUfc Lfc 0 SD 
S-PAGE^ N Western-Blotting fcffV\ S&ttfcfreftfctJLfc. tfMftfcrE&rfcfcSHK 
U * o — ^-/HKflnffc 0 , SeV-MM eg© 1-13 (MADIYRFPKFSYE+Cys/gE?U 
#* : 2 1) , 23-35 (LRTGPDKKAIPH+Cys/|E?lJ#- t #- : 22) R0336-348 (Cys+ 
NWAKNIGRIRKL/ia^iJ#^ : 2 3) (D^^f- KSr SUft-g-LT&gLfcfrU-* 
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jfo?*a>&WRL;fc t>©t?fc3o Western-BlottihgteHJfe^J 3 ICfB^O^&Tff V ^ 

(Anti-rabbit IgG (Goat) H+L conj. ; ICN P. , Aurola, OH) ^l/5000^*(C^r 
%lLtch<OZ&mLt£ 0 SeV18+/MtsHNtsAF-<JFPT-«^ *M&tf»fc:ttMg6#rag£ 
^-#<^UTV^^(7)^^bvirusOMe^:^/^LT*5!? (HI 7) % Western-Bl 
otting©3MfeK: XoXh. mm.Vj*'* teiM vc 2 HJSfiF- #tfe> LTV"*£>;i 

[HJ60J5] fiS«»^/W©f»« (SEAP assay) 
SeV18+/MtsHNts AF-GFPic:*5V^-C 2^m^i 1 ^^UTV^5^ s RUSK: 

«*at<?F'©«a*& J ife> LTV vr «3t<5rH&S-<* * - £ LT V ^5fic 

^©&M:fcoV*Ttfe5E<HTofc e SeV18+SEAP/AF-GFP 
St>*SeV18+SEAP/MtsHNtsAF-GFPtrLLC-MK2*BB&(Cm.o.i.3T^ ; tx g^Jt (J& 
& 12, 18, 24, 50, Vim?md J8#±?*£lH|lfcL, ±fc*©SEAI^£Reporte 
r Assay Kit-SEAP (T0Y0B0, Osaka, Japan) Sr^Uffl LTKitfcfBiW>#ifcfc^oT 
trofco SEAWgttttiao#IBJT©36#»^3&^o*: (0 8) „ ^fcHatVTVWdo 
V^^lfiLM^Ittt (HAStt) «r»l£Lfc# % HA^H4fiSeV18+SEAP/MtsHNtsAF-G 
FPTWO^Jl/lO^^LTV^ (09) o H1h^/VO!>^/V^^48,00 
OgT45^W3S^ L t? 4 /^S 6 SrleUlX Lfcfc, Western-BlottingTfetM^Cfr ^rf UJfi 

LT#£*ttfc#*fLfc 0 r©i^i>, IKfto^-f^ieotll^mBSii 
fc (010) o atfEtf£ttfc||©*AfcJ:oT* Wtttt<08mJk*ft2Wt'> 

[III6] MMStt^*A!>^X^ifflJM*& (LDH assay) 

iSIW&W^fco LLC-MK2, BEAS-2BS.^cv-l||BJ^^^n ; etb2. 5 X10 4 cells/we 
11 (100jiL/well) T96well plate£ff£#& Lfc. «f«K:ttLLCHffi23ttWV-l»z: 
f±10% FBSSr^tpMQlSr N BEAS-2Bfcf±10% FBSfc^ifD-MEMRtfRPMI (Gibco-BRL, R 
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ockville, MD) CO 1 : lJS£*«M£JBUt 0 24B#«*^L W BSA«r^trtBtTf# 
L7tSeV18+/ A F-GFP^V ^^SeV18+/MtsHNts AF-GFPSSKSr5 /i L/well-eM bit 
ifeS*, 6l*IB*!>^^«^W(f**rlfe#x 10% FBSfc^TtrfEV'^SfcVvS. 

FBS^*^V^*CO^«:^3 BUI!:, FBS&£tf#«W> 
«^tt«3fe6 B^{^H±?»^f-^y Cytotoxicity Detection Kit (R 

oche, Basel, Switzerland) SrfWLTKitfc^©^fcttoT*lttBWH4©* 

BEAS-2Bld*3V ^ W\ SeV18+/MtsHNts A F-GFPCOlt3J^|^#14(4SeV18+/ A F-GFP II 

^T-cfcsfcWKsnfc (mil) o Bp-fe, ja««sttaEa«XT?©2*a[W 

WKa&iC MMfiOMftJift^OV^ffi^fco #SeV (SeV18-K}FP, SeV18+/A 
F-GFP, SeV18+/MtsHNtsAF-GFP) ^LLC-M^M^^rtt^^ U 32^. 37^ 

<n5&x*fto tco mmmife*PBsx*mmft i,it&. -20^^^ ufc* ? j —a* 

»U^T-15^-F^@^U7to PBST*3HISfc?t#, 2% Goat Serum&0O. 1% Triton?: 
-QtpPBSM-CSS.l^^Blocking^firofc 0 H&FBS"C30«5j!fM£ % 2% Goat Serum 

ttt^&m&m aopg/vitfmm x3ix:30^m^v± o pzsxmm&& 

„ 2% Goat Serum£-aif— (10ng/vL Alexa Fluor 488 goat anti-rab 
bit IgG(H+L) conjugate : Molecular Plobes, Eugene, OR) T*3TCl5ftftoIZJ&L 
tc 0 JMUCPBS-CSIliasSm, f*WT«lfCo i#HJ5@i-CF, HNffiM 
£r^1-5SeVl8-KJFP-?f^ 1fcfbV1tfttlOl^\Z&^X^!&MmXom;&<D&. 

mmmmztiti cm 12) „ zozotem&ommmmvxitmzn&zti 

T:fc«9 (Yoshida, T. et al. , Virology 71: 143-161 (1976)) % \?}) *>m$,<0 
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O»»«iC^Lfc 0 MMfi^FS-tMlN^eo^^tKOCytoplasmic tail 
fcj^L-C, MM^^E-r5t#^btl-C*5»5 (Sanderson, CM. et al. , J 
. Virology 68: 69-76 (1994), Ali, A. et al. , Virology 276: 289-303 (2000) 
) % SeV18VAF-GFPTi*^-#<DFg&£££L-CV^;i| x mBOMtE^BW 
\sX^Z>b3%7LbtlZ>o t.tc, SeV18VMtsHNtsAF-GFPTii^i2#«<fcHT, 

mm®\8] 2i(kikm&nn**~xj*(Dim (2) 

'-MUM (MRC1024; Bio-Rad Laboratories Inc., Hercules, CA) tiS^tf^T 
MMLtz D SeVlS+SEAP/AF-GFP^t^SeVlS+SEAP/MtsHNtsAF-CFP^rA-lOllBia (rat 
myoblast) Mft^M^L (nto.i. 1) N 32t^W33rC-C10%Jk?f Sr^tfMEM 

*PLfc^^/-/V^miPL4 < CT*15^@^bfc 0 PBSl?3lsI»^, 2% Goat Seru 
m, 1% BSAAIW.1* Triton^tfPBS^^Mll^M^oydF'^^^ofco 2% 
Goat Serim&^trti©— (10/ig/mL ^Mffift) T?3rC30#|JflKJ£ U H 
(CHNO-^fet^^ (1/ig/mL jjCHNft* (IL4-1)) -?37 < C30a-|W£j£ Lfc 0 PBST* 
3HI$fe&^ 2% Goat Serum£^tf— ftgfcffcSSfc (lO^g/mL Alexa Fluor 568 goat 
anti-rabbit IgG(H+L) conjugate Tk.X$ lO/zg/mL Alexa Fluor 488 goat anti-m 
ouse IgG (H+L) conjugate : Molecular Plobes, Eugene, OR) -C37 c Cl5;£ffl3®& L 
fc 0 PBST?3lilgfe#^ N ^?r^i--5fci?)tCl/4000(C^LfcT0_PR03 (Molecular 
Plobes, Eugene, OR) Sr«JD|ftatmt?15^DD»« 

, Slow Fade Antifade Kit (Molecular Plobes, Eugene, OR) CO^f&lCfi&U 
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fc»&£&»LT^5©T?#£;&^T&5 0 SeV18+SEAP/AF-GFP<7>#^{3\ 3 

MM6&l^M6©Jife& 5; ^£;?VtV^ 0 — #SeV18+SEAP/MtsHNts AF-GFP©# 
t>fc#SeSf©Ja^SeV184SEAP/APKHT©^fcifc^*V , »#*) 

&&m$%&\ZftmU m&ttWl^ (microtubule) ©^fttfjfi 

tcW&-b mm<D&%z$mbtlXio 9 s #(<:SeV18+SEAP/MtsHNts AF-GFP«»J;i 
*5V^tt % MMe©«rtM4M^lSm^^W^< (014) \ ZtlZtKD 

SeV18+SEAP/MtsHNtsAF-GFP«m32 < CT^*Ufc^, 1IX&*HR/.MF 

©^t&to£i^jre?fe&£*L-Ci^ (mi 3) o ^fctt/M?©K-^*SE^"t"5fc 

itZM^fco SeV18+SEAP/MtsHNtsAF-GFP^rA-10^m.o. i. 1 X!&$k&, 
Miz^MXh 5 colchicine (Nakarai Tesque, Kyoto, Japan) ^IMi colcemide 
(Nakarai Tesque, Kyoto, Japan) SrlUfclt 1/iM j$bPU Z2X,-£%3k L/c j£ 

tt'u ?m&mMzmn~rz>zbx\ zomm&mti. ^^mm^mmwtv 
xmmztitc (mi 5) „ z<dw&&, m&zohtfmMLtchcDfri&wtim 
^LfM^^m^mw^^x^^m^h^K ^tiKvx^mi 3 

KM bfr&s SeV18+SEAP/MtsHNts A F-GFP^^32 < CT*t§* Vtc.W&<Dm 6 it. 
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Ztcmz. SeV18+/AF-GFPS.t5SeV18+/MtsHNtsAF-GFP(DM^^/V^}COV^T, Jg 

mtoyms (Rxmm&) (Dm&mzLm-^>m^um^nm (colchicine) 

©HflS&W^fco SeV18+/ A F-GFP^V NfiSeV18+/MtsHNts A F-GFP£:A-10t&n. o. i. 1 
X*$m%ks itt^HlJttfi^WaiTffeScolohicineSrll^aift lfiU S&bPU 32t*^ 

mrcx*mmvtco m^B&Ktfttm^&x, m& caim^e) <D%m 

fttVXM%k£tltc a SeV18+/AF-GFP^>^%M m&lWi'bW t^VX^^ 
mfe&^Ztlfro JE^ 37 < t{CjoV^•C{^^t#^SeV18+/MtsHNtsAF-<JFP^»IC 

^tFS.OTNMScO-ttb-^ttc^Cytoplasmic tailt^-^LTt^S (Sanderson, CM 
. et al., J. Virology 68: 69-76 (1994), Ali, A. et al., Virology 276: 28 

9-303 (2000)) TfKfc/Mffci&oT (iiff^vy©i 9^^-161-^ 

, mM&mmZftZOftZVttiSit^vZbXhvXs ^©itOt©li!5iJt* 

StubulinttSeVOfe^ • «3KStfifcl8-£U ^ • mS^^-t^- 

tvt&*> (Moyer, S.A. et al., Proc. Natl. Acad. Sci. U.S.A. 83, 5405-5409 
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(1986); Ogino, T. et all. J. Biol. Chem. 274, 35999-36008 (1999)) x 3; 7c 

=t,u*?mz. ^otubuiinds# < t=?m£tiz> *>bfctti5:fcm&i-?> - 1 

*'k##iS (-tftfrh =*>^#tti£) -c^jtfte ft5 t W-e# 6 0 

3EiC N SeV«^-Cfe?)Fl-R strainmetfc^^&^LTV^;^ «^$c 
/hf Sra^T. Fl-R straiii(D^J5a(7)«^ft#U^V^7TM?rTO^bT 
V^£#;tfe;h/CV^ (Tashiro, M. et al. , J. Virol. 67, 5902-5910 (1993) 
) o Whs tubulin\Zfe<>tcm&OMl&ft&W}*Mj£-?Z>ZbX\ ^M^MOfe 

cwk<DMmta-imte**k$z vm^m± v << ^cdna ( p 

SeV18+/AM: WOOO/09700) £#JJ£ L7c 0 il<0^^ J±%m 1 7 ^L7c 0 pSeV 
18+/AM<^£«£-^frBstEII$f>T- (2098bp) ^feSall/XhoITii^^^'l' 
^r— ->3 yLTEcoRV^.illfl5^:^r^^$-fr7tpSE280 (Invitrogen, Groningen, Net 
herlands) <DBstEIIlM YK^-f^ (pSE-BstEIIfrg©«^) 0 GF 

Pl&^^ir^pEGF? (T0Y0B0, Osaka, Japan) £Acc65I&7J$coRIT*MLDNA 
blunting Kit (Takara, Kyoto, Japan) XC05' $3&<Df ill infc £ V J&C<D¥-mit 
£tTV\ EcoRVT'^'fk^BAP (T0Y0B0, Osaka, Japan) ^Jl&frofcpSE-BstEIIfrg 
K^-f? u—^l/JfVtc 0 r CDEGFP3t^^tfBstEII-77^^ ^ h%h t<Dj>Se 
V18+/AMICML, M^»&^EGFPit^^^b7cM^»SeV^VAcDNA (pSeV 

i8+/am-gfp) zmm^fro 

[Hife^!llO] M^^^IM^MSeVyy AcDNA(^«^ 

MjoctU^Fjl^WM^tr^-rSSeV^V AcDNA£#|gL7c 0 T1S15*c©«» 
* A %m 1 8 « Lfc 0 F^gp&tEGFPit^Sr W LfcFjfc&SlH? V^-Y 
^^/V^^^V AcDNA (pSeV18+/AF-GFP : Li, H.-0. et al. , J. Virology 74 
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, 6564-6569 (2000), WOOO/70070) ©Nael$r)t (4922bp) SrpBluescript II (Str 
atagene, La Jolla, CA) ©EcoRViM b n — nV^LT#|£gLfcpBlueNa 

eIfrg-AFGFP%^TM»^<2:k££fTofc e Mit^-tt^OApaLIlM MrflJ^ 
LTlfit^M 19 fctJ-fi 5 (-"rfV ^LfCo Hp-fe, i2J<9 ffl-rfragment^6ni: ft 5 
ip^Pii^it^i-ApaLmaiB^J^ALTho ^^A&QuikChange™ Site-Di 
rected Mutagenesis Kit (Stratagene, La Jolla, CA) Srfljffl LTKitlCfBicO^ 
m^oXn-otCo ^^AlcMbfc^^-!)=fOE^J^5'- agagtcactgaccaa 
ctagatcgtgcacgaggcatcctaccatcctca-3' /IB?!J#^- : 2 4, 5' - tgaggatggtaggat 
gcctcgtgcacgatctagttggtcagtgactct-3' /IB?(J#-§- : 2 5) T'fcSo ^^A1£ 
, ApaLIT-£iS##ft:L (37^, 5#) , QIAquick PCR Purification Kit (QIAGEN, 
Bothell, WA) X^mUVtc^O^y^^-^B^^ff^tCo m-m. QIAquick P 
CR Purification KifCDNASrHliDlU BsmlRXfStulX^hWS a ^M^Ml^X 
MjffeiF- (S.t^it'g^) Sr^LfcDNA (pBlueNaelf rg- A M A FGFP) ZmMLtc 0 

M (RTJFlite?-) ^^^LfcpBlueNaelfrg-AMAFGFP^SallR^ApaLI-eri'fb^ 
ffV\ UiK^Mii^^yv^^yh (1480bp) SrEURUt. -^T-pSeV18+/AF- 
GFP^ApaLI/Nhel-eML-CHNit^^tf^fJt (6287bp) SrHUteU rtf>2ffi£> 
^tf£Litmus38 (New England Biolabs, Beverly, MA) CDSall/Nhellr^ 
?n—-yj?Ltc (LitmusSall/Nhelfrg-AMAFGFP©^) 0 LitmusSall/Nhelfr 
g-AMAFGFP^Sall/NherambLTMLfc^y^^h (7767bp) t. JifcpSe 
V18+/ AF-GFP?rSalI/NheIT^i{b L7cM&tM^*45^£^£^:7 7 ^ 

(8294bp) ^7-f^3yLT, M&U*«^££&L^O^£MKE 
GFPat^^^ bTtM^OT^^M-t V?<< <? A fr*±9z?/ AcDNA (pSeV18+/ A 

maf-gfp) *mm\~>fco mmvtcMXtm (Rxjm.m^m) vj^*v>wmz 

019^Lfc o Ctf><?VAcDNAte, ^SO^FHeK^tfMS.OT^SSeV 
LMIfc&l l 1 3 SeV-M^ & %mU1r 5^/w<— Mti&oiW: 
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M®6 ^mi _ 5^W^-»f^|!lcD^fcCre/loxP^g.f|^^7 i A^rfljffi Lfc 
, 3R$';*^AllMB©fc*, F^eo-v/W^« (LLC-MK2/F7») fEK (Li, 
H.-0. et al., J. Virology 74, 6564-6569 (2000), f 000/70070) fc&l^TtlUB 
LfcCre. DNA J) a Vlf?— £ 5 ft^S4fe&lNUm*-£ <t 5 fcKW-StUfc: 
7?*$ KpCALNdLw (Arai, T. et al., J. Virol. 72: 1115-1121 (1988)) SrflJ 

(1> M^m^7^5 KO«M(5 

U Ffcfr?-a*AB#teftJB LfcpCAimw/Fteneomycinjfatt*^^ LTV * 

pnwasr*u^r sAfcttSJ^Sttat^f©*^^^*) r> . *-f a 2 0 mia* 

X^t&Ff-fflfcf 7*5 K (pCALNdLw/M : pCALNdLwOSwaIf--Y MOfit 
fc^A) (Z>neomycin»ttae^^hygromyciti»ttit^-T-t^#^^^ 0 EP*>* P 
CALNdLw/M^rHincIl5.t^EcoT22IT*^'fkLiet^^tf»f>T- (4737bp) fcTtfn- 
xW&jfcWl~(&1&+ RSi-*^K*9lDttJU QIAEXII Gel Extraction System 
-CHII&tLfco IHBttC lUpCALNdLw/M^XhoI-e^Oifx neomycinBffitfc^Sra^ft 
V^tf (5941bp) SrlUM, HOTncIIT^KLl779bp<D»fjt^llIlRLfc 0 Hygro 
mycinlM4A'K : 3 1 }ipcDNA3. lhygro(+) (Invitrogen, Groningen, Netherlands) & 
T" >"7 1/— V {Chygro-5' (5' -tctcgagtcgctcggtacgatgaaaaagcctgaactcaccgcgacg 
tctgtcgag-3' : 2 6 ) S.Tj^hygro-3' (5' -aatgcatgatcagtaaattacaatga 

acatcgaaccccagagtcccgcctattcctttgccctcggacgagtgctggggcgtc-3'/@H?tl#-§- : 
2 7) 0 210^7^^ Sr^TPCR^rfi^ QIAquick PCR Purification Kit 
-CiallR LfcmXholS:t^EcoT22I-em^ LT||$S! Lfco -ft k 3 8©i^ & 
a ^ LpCALNdLw-hygroM^rf^M Lfc 0 

<2> sev-mxjvw&*mmmm'z>^;w<~-mm<D? n-^^r 

h 7^^.731^^ 3 ^{CftSuperfect Transfection Reagent ^rffll^P h=3 — 
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MZ.&ML<D%m-?ftoito Wh&T<Djjm%t^tc 0 LI£-MK2/F7»£5X10 5 ce 
lls/dish-T?60mmi/-f— Wdti\ 10% FBS£^trt)-MMT-24Ii#Wi£*Lfco pCALNdL 
iHiygroM<05 » g^FBSR^^W^t-^^M^^. ^ (£»T-150 n L) N 
jf^ftgSuperfect Transfection Reagent 30 mU«U n&W$L^.X~10ftm 
j^SLfCo im&. 10%FBS^tfD-MEM^lmL»LjtM, PBST* 1 jel^bfcLL 
C-W2/VM^Z. ©h7^7x^^3 ym&&%W)[\ Ltc 0 5% C0 2 4 1/ 

10% FBS^tfD-MEMSr5mL»b24^TO*Lfc 0 YVzf^VZn 
Jfe^ifl^U 96well^V— h«5cells/wellO#J«9^V^-C%^L N 150/ig/mLOh 
ygromycin (Gibco-BRL, Rockville, MD) &"a"tPl0% FBSA 0 <£>D-MEM"T?$) 2 M^tn 
^Lfc„ ^-OM^bJS^ofc^n-^^ewell^l—h^T'&^^LfCo - 

(3) SeV-MS-OT^e &Hj&^ v-XDMtit 

#btLfcl30«O^ n — ^}^oV^-C> M^eroH^.*^rWestern-blottingT^S 
*#)}^f*ffLfc c £-^n-^£6well7V-ffdfts (S|^y7;^y h©ti 
T\ 5% FBSSr-^tfMEM-eWLfcCre DNA!) — -&&3mt2>m%&k.T7 ! 

/tyj/V?, (AxCANCre) ^rSaitob©^^ (Saito, I. et al. , NucL Acid. Res. 

23, 3816-3821 (1995), Arai, T. et al. , J. Virol. 72, 1115-1121 (1998)) 
-Cm. o. i. 5-C« iS&tCo 32^T' 2 0 Mtt&ftx *§«±?t£l&* LPBS T? 1 Hli5fc& 
U •fe/V^^ V-^--e»^fiJ^U-C«^H]I{5iUfc 0 llanefcfcO £<Dl/10fi: 
LTSDS-PAGE&frofcg, ffiMifcft&M LT H»J 3 4 KB*© 
jfrfeTfWestern-blotting&frofc. 130? n-y©*T*ifci|fclftM®6<D$g51,*©# 
*>ofct»©fcgBfC^ ^iF^C#: (f236 : Segawa, H. et al. , J. Biochem. 123, 10 
64-1072 (1998)) Ufcfestem-blotting©g*t #H*TEI 2 1 fclfBSc bfc 

o 

1 2 ] SeV-Mg £ trfl^^i- 5 ^/^HNUaofMB 
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Ufc$c®SeV (SeV18+/AM-GFP) ©^/V^fflft&SrlllfeU 

y<D^^^7,m^M^WM\^tc 0 SeV18+/AM-GFP<£P0 lysateSr#^ n—V^SiP 

jWCOV^tftELfco P0 lysate^»|«ttKT©J:5»!:fTofe. LLC-MK2»£ 5 
X10 6 cells/dish-ei00mn©5/+— 24B#M^*^ PLWUV-VacT7£M. 

t?i«FM«fe**fc (m.o.i.2) 0 i«fi*iL»Sr&*4v>iiBiriSfc*Lfc«, ^ 
*5 KpSeV18+/AM-GFP, pGEM/NP, pGEM/P, pGEM/L, pGEM/F-HNR LFpGEM/M Jt^tl 
^tbl2jug, 4m g, 2 jug, 4/zg, 4/z g&T*4/z a/dish® f^"TWi-MBlfcfflH*U 
l^g DNA/5/xLtg^<DSuperFect transfection reagent £:Atb"t 2^ U ^S."C1 
5^MJfefli^s *|I^J(C3% FBSSr&tfQpti-MEM ZnLKAfo, »^»UT^*U 
7c 0 5NF^*^Jk?t£^£^l^T2|l^U 40 /z g/niLCDAraCS.t57. 5 /z g/mL 
©TrypsinSr^tpMEM-CJftilUfco 24B#TO*#s 8.5X10 6 cells/dishfcfc. *) £L 
LC-MK2/F7/A&M U 40 a g/mL® AraC&t*7. 5 m gM®Trypsin£^ti>MEMT-Hfc 
2 HM3rCT?#*Lfc (PO) 0 £;h,fe©fMfi«:EllftU ^7 h £2mL/dishfcfc 
Opti-MEMM?^ ^S^Sr3@i^t>5g^LTPO lysate£Ii§gLfc 0 — # 
-ClOaO^n — ^^r24 wellTV— Mdft, V v h OB&CAxCANCre 

£m.o.i. 5-CJgSfeU «*«32^2HIB««L*:»JfiSr!Wllbfe. ^0«(CS 
eV18+/ A M-GFPOP0 lysate £r&200 n L/wellT* h 7 7i^>3>U 40 ju g/mL 
© AraCXttt. 5 m g/^lL(DTrypsin^^J^IL^^-^*^V^MEM^ffiV^32 0 Ct?^t* Lfc 
o #18&tf#62® a - >"r*SeV18+/ AM-GFP «t <5GFPH &<D&&9 tfiWtk £ ftfc ( 
02 2) c #62®#T*J£#!? W<U &T©ll»fcf±-®#62£&fflLfc. 

^»t£O^TAxCMCreft#jifi® t> ® &LLC-MK2/F7/M62 1 ftgft U ft&ft © t 
OTFXtAl^ 6 *Wm&L LTV ^ % ® &LLC-MK2/F7/M62/A £ fBfct 5 - 1 K -f 
3 0 LLCHilK2/F7/M62/A^flJ^U-CSeV18+/AM-GFPO^^^il^L, P2©^6 0 
=^^9.5X10 7 , P4®«5 B^(C3.7X10 7 GFP-CIUO^-r^^Mbfc 6 
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£ t ^SeV18+/ AM-GFPtf) ? J /VXHJJfcUC t o^tftliti Z>tlTc 0 SeV18+/ 
A M-GFP \Z *5V ^xm 6 SrHiUfflflfc (LLC-MK2/F7/M62/A) Kf7 LT 

5^</£^«?^btL7t (02 2) o BPfcx ^^^^^^S*^H^*3VNT 

±|B<£^/VX©£Iltt©®W^f^fTofCo LLC-MK2/F7/M62/A£6well pla 
te{Cfi|t37 < CT-«b7c 0 ^^^^^^ h©^T'32 1 C»=fT^^ 10t 
{CSeV18+/ AM-GFP^m. o. i. 0. 5T?« U #Jt«±flr£tE|l!X L&rfcftM 
£»L7t e 0I|Zbfc±^lCOV^CIUi:HAU«fe7te ii4~6 0tt*tfe^ 
<<D?^V*#|IIIj5l£tL7t (I22 3) 0 HAUM^6 0^&%ltf££tl/CV^^ 

imw.w 1 4 ] MX&msew v << a>* ommm 

SeV18+/ A M-GFP© !> fr* iHS^RT-PCR"^ !> ^ /W*3i6 £Western-blottin 
gT*5tPUfc 0 RT-PCRfiP20« 6 Bt©^^/W^jffllfc 0 ^/l^?§»£> 
ORNA(DH]l|Z{iQIAamp Viral RNA Mini Kit (QIAGEN, Bothell, WA) Sr^jMU 
TccDNAffSgfiTheraoscript RT-PCR System (Gibco-BRL, Rockville, MD) £flJffi 
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#J"C$>?) C t<D$£M-b U"C X reverse transcriptaseO^*^"CPKf&?r : fTofCo M 
§gLfccDNA£rV:/l/— h £ LTP^£^±tf>F3593 (5'- ccaatctaccatcagcatcag 
c-3 VSEl?!l#-§- : 2 8) i:Fat^±OR4993 (5' - ttcccttcatcgactatgacc-3' / 
|S^J#-^: 2 9) |UC<Pa^±OF3208 (5'- agagaacaagact 

aaggctacc-3' /E?9## : 3 0) £ R4993«^^ J fr<^ 2ST-PCR?rfi 1 ofc 0 SeV 
18+/ ©*£s**3t J&> fe^ffl £ ftfc £ 9 fcs atf#Rtf£#a> f,^*Lmi073 

bpSTJ ? 1458bpOi|^d^^^tt7 v c (0 2 4) 0 reverse transcriptase!! L (RT- 

V^5#£- (pSeV18+GFP) \ZZtl^tlU00bpRm785bpt£(DX*W hfrttg 

Western-blottingfcJ;0 2eill^fe©?tBS:fTofc 0 SeV18+/ AM-GFP (04* A 
M) , SeV18+/AF-GFP (0* AF) &t£SeV18+GFP (0(f> 18+) %m. o. i. 3t?LLC-MK 

3St'CfU^>f/V^afiSrlHlfl5lUfc 0 SDS-PAGE^, Western-Blotting£rfrV\ fctMfctft 

L fc 0 3 StfUjiM 4 (Cf3fi<D2f *fe-e*To 7t 0 SeV18+/ A M-GFP«MT* 

Bia&3^*HfF*V^|j»H|BI.*ilfc - i*»5>» ®&flj36*bt>SeV18+/AM- 
GFPO«5t-e*>Sifc*S«W*ixfc (0 2 5) o ZOtif, SeV18+/AF-<}FP«« 
VtiFW & £ ftT x SeV18+GFP-ete|l-<fc£T ©!>^/^ie StdMRSI * ft 
1t 0 £7^ ^iif^^-f/^IfitltTIi, SeV18+/AM-GFP^*5V^-CfiNPO 

0 

[^Jfe^J 1 5 ] UX£MSeV<D 2 ^a*W©**fcH1'3ft*Bl*W 

1 4 IBS&© «t 0 f£SeV18+/ AM-GFP^m. o. i. 3T?LLC-MK2fc$gfe U Jgffe 3 
0 mz.m%±.ftl*®®. U 0. 45 /i mg<D7^ Lfcm48, 000g-?45#|B]3& 

4>U @i|XLfc!?^yV^aSSr^V^TWestern-blottiiigS:fTV\ 
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mU LtcV-y^ZtiiM Ltc 0 ^^no^m^JSrf^L'Western-blottitig^ 

ft\,™-mfc &kwm&mwd -e^ajut, sevisv AM-GFP«m±^^© 

2 6) 0 |Ht^7 e /VOHAStt«SeV18+/AF-GFP (64 HAU) &tf>£*tLSeV18 

+/AM-GFP «2 HAU) Xfo^>tc 0 

mH^^g^lftfclfTofce SP^^ SeV18+/AM-GFP^rm.o.i.3T-LLC-MK2(C^ 
ftU &B#ttte (-Bfe(c) tm±^m^LU HAffittfcMSLfc (02 7) 8 

XnWm^nU t ft 5LDH«44£$IJ^ LfcFK SeV18+/ AM-GFPri3felHfi'T?M 

^4 0 &$mm h frftMf&mmmsw& vx&y ©2 8), HA«te©±#tt v 

||IUTV^5HASefcJ:S^^mTV^S^tB^±36Siftv^ ; Hil$^^fco Ht-> j$& 
5 HftOJ&iLUftfcOVvCx ts^Hr^V^ y^y— AT?fc5Dosper Liposomal Tr 
ansfection Reagent (Roche, Basel, Switzerland) Sr^V^TtfeSELfco BP - ^ ft 
£±itl00|iL£Dosper 12.5ML£il£LgirC10#8[fi&* 6 well?V*-M£ = 
y^/V^ ^ h \z.igm LfcLLC-MK2»^ l>7^7i^^y Ufc 0 2 Hi Hfl 
K«MtT-e«^ LfcBf . - Jfeftttltt^^qSEf 6SeVl»f / A F-GFPJ«ffcM©ft* 
±*Tii, #<OGFP©tt«^^^^5©^*j-L, SeV18+/AM-GFP«^fl^^ 
ft#±^T-»GFP^«(im^tt«Ufc^m^§^^^ofc (0 2 9) 

hZ>tmWiX%tc 0 
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imi&M 1 6 ] Fw&m<ommkmL*mmvtdux£;M.sev7; acdnaohhi 
F<D?i/F2(ommmL (jFommtmo izmmmx^mm^x^^Tr-^ 

-aJ&£K<7>iE?!l (Netzel-Arnett, S. et al. , Anal. Biochem. 195, 86-92 (1991 

)) %7tfcu ULtcimtcKmiEZtoz-XT*^ >\,tc2m<z>mm cplgimts (ga 

^|J##: 3) ^jcWLGlLGL (|B»# : 3 1) ; fiTF, r;ftfetf>IE?lJ£*r-t-5F 

me^ ; etL- : eixF(MMP#2) &tfF(MMP#3)£jrf] \ wpo&f&mmz&mosTz 
;wtmm?ui<DfrzmxLtd§&m cot. i^sH^j^^-r5F^e^F(MMP#4)ts-r 

S£F(uPA) b^t) CD4a©Sa^"J©x1fV> / ^^tiTV^5 0 
5f @ LTV^MMP (MMP-2^m!MP-9) fc % <£ <9 51&fft&Ctf^-f 3 «£ 5 (-H^x 

tWifLfc«t (Turk, B.E. et al. , Nature Biotech. 19(7) 661-667 (2001); Ch 
en, E.I. et al. , J. Biol. Chem. 277(6) 4485-4491 (2002)) %&%\Z.'tZ>^b 
*Stii*So #{-MMP-9^HLTfi, Pro-X-X-Hy-(Ser/Thr)<DP3^^P2' tiX<D=tl/ 
•feyf-^SB^iJ (X= Hy=SfeM4aS) #M£;h/tV>5 (Kridel, S.J 

. et al., J. Biol. Chem. 276(23) 20572-20578 (2001)) 0 ZZX\ F(MMP#2)fc 

^^SHri^W ^^/V^^y/AcDNA (pSeV18+/ AM-GFP) SrSallStMielT-M 
fbU FmSfrtrStttiift (9634 bp) «rT^fo-^«ftB3cftTf^li, fc^S'* 
V K£§) 9 tti U QIAEXII Gel Extraction System (QIAGEN, Bothell, WA) t?HI 
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IfcU LITMUS38 (New England Biolabs, Beverly, MA) ©Sall/NhellM 
?u—->JfL1t (LitausSalI/NheIfrgAM-GFP©*|g) 0 FJ&S^^g^A 
f±rOLitmusSalI/NheIfrgAM-GFP±'e, QuikChange™ Site-Directed Mutagenesi 
s Kit (Stratagene, La Jolla, CA) ^JJBLTKitKllBft^&fc^oTfi 1 ofc 
e jElMHAfcttfflUfc'&riW-y =f0>KRItt, F(MMP#2)^O^mofd*t« 5'-CTG 
TCACCMTGATACGACACAAMTGCCccTctTggCatGaCGAGtTTCTrCGGTGCTGTGATTGGTACTATC-3 
' (IB^"J#-§-: 3 2) joiU* 5'-GATAGTACCAATCACAGCACX:GAAGAAaCTCGtCatGccAagAg 
gGGCATTTTGTGTCGTATCATTGGTGACAG-3' (ga?lJ#-*§- : 3 3) , F(MMP#3)^<D^fcfi 
5'-CTGTCAaMTGATACGACACAAMTGC^^ 

CTATCG-3' (|H^IJ#-^: 3 4) & it* 5'-CGATAGTACCAATCACAGCACCGAAGAATaaCccCa 
GGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' (|E?IJ#-§- : 3 5) , F(MMP#4) — 
<7>%&\a$ 5' -CAAAATGCCGGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT-3' (|B^J## 
: 3 6) iS&TJ 5' -AATCACAGCACCGAAGAATCcCaACgGGGGAGCACCGGCATTTTG-3' (IB^lJ 

3 7) „ Jfct* F(uPA) ^.©^ftttt 5' -GACACAAAATGCCGGTGCTCCCgtGggGAGA 
TTCTTCGGTGCTGTGATTG-3' (EWS* : 3 8) fecfctf 5' -CAATCACAGCACCGAAGAATCTC 
ccCacGGGAGCACCGGCATTTTGTGTC-3' (IE^J#^- : 3 9) "CfcSo /Mfc^fB^^ 

FJt-B^Jifc @ ^O^M^^-r^LitmusSall/Nhelfrg AM-GFP^SalI/NheIT*^ft 
LT, F&&=f- : &r£tt7 7r*>h (9634 bp) SrEUfcLfc, -^T% F&^ttfifcK: 
EGFPa^tr^LfcF^^M-fe^^V AcDNA (pSeV18+/ AF-GF 

P:Li, H.-0. et al. , J. Virol. 74, 6564-6569 (2000), WOOO/70070) SrSallS. 

tmiei-c«i^ui«tfi^«r^tri»)T- (8294b P ) t % £-$*-y JDM&mm u-c^ 

^n-^y^lM h^iAU^7^iK (pSeV/ASallNhelfrg-MCS : PCT/JP0 
0/06051) £\ SaltRtmiel-Cm-fbLT^y^^b (8294bp) fcEUfcUfc. 
M77^^M:7^y-^3^U F(MMP#2), F(MMP#3) l^f;£F(MMP#4) ©it 
fciP (MMP7??§tt'ft$tu5i9^^f s -Y^LfcFjt^i 1 ) Sr^ri-5M^*SlSeV cDNA 
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(pSeV18+/F(MMP#2) AM-GFP, P SeV18+/F(MMP#3) AM-GFP^VNfipSeV18+/F(MMP#4) 

am-gfp) , sot(upa) omm? (uPkx-mmk&tiz>£5K : f^yvtcmte 

Sr^tSltftfcSiSeV cDNA (pSeV18+/F(uPA) AM-GFP) £fi|fgLfc 0 

$ J frXOnWf&feli (Li, H.-0. et al., J. Virol. 74. 6564-6569 

(2000), WOOO/70070) fc^oTfrofc. M^^MT*fe5^T\ 16lfiSrh7^K: 

DNA P =i^tf^-— tlci 9&^£*&fi$&gtt-3 £ 5 MRW-Sftfc:^* 5: 
KpCALNdLw (Arai, T. et al. , J. Virol. 72: 1115-1121 (1988)) £MLfc& 
©T'fc !? , 11^ 7 X 5 K<Z> h 7 ^7i— v y h fclCre DNA U =» V tf-^—tf «:38^ 
1"6lft#!fe;fcTf* / iM/W* (AxCANCre) £Saitob©#fe (Saito, I. et al. , 
Nucl. Acid. Res. 23, 3816-3821 (1995), Arai, T. et al. , J. Virol. 72, 111 

5-1121 (1998)) x*mmz&xm?Mfc*%& : misittc imnmi l&itn 2# 
m) o 

F©^<t^Sr*ifeUfcM^j)^lSeV©#»J^tt«TOi 5(- : ?To7c 0 LLC-MK2 
ttJ&Sr 5X10 6 cells/dishTflOOmBOV-t— WC»#^ 24B#K|Jg8l^ y^l^y ( 
psoralen) b&$L&f£M& (365nm) T?20#ra*Q.3iLfcT7#]; ^ 7~ t?«rJSH1-$ 
y = y h 17 ^ i/-X $4 /V* (PLWUV-VacT7 : Fuerst, T. R. et al. , Proc. 

Natl. Acad. Sci. USA 83, 8122-8126 (1986)) S:lfi"C 1 B#|BMRife£*fc. (M0I 
2) o <W6Sr«UiL»©llHrca5*Lfc||» 7°7*5; KpSeV18+/F(MMP#2) AM-GFP ( 
j£lMi P SeV18+/F(MMP#3) AM-GFP, P SeV18+/F(MMP#4) AM-GFP, £fc& P SeV18+/F( 
uPA) AM-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A.\et al. , Genes cells 1, 5 
69-579 (1996)) &T>pGEM/F-HN (Li, H.-0. et al. , J. Virology 74. 6564-6569 
(2000), WOOO/70070) ZZtl^jflU » g, 4/zg, 2jig, 4/ig 4 g/dish<Z>* 
itfOpti-MEM (Gibco-BRL, Rockville, MD) WRflBU 1 H S DNA/5 n L*l ^ ©Sup 
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erFect transfection reagent (Qiagen, Bothell, WA) &r AtlXfifra ^^."Cl 
5#IHifcWk *^^)^3% FBS£^tK)pti-MEM 3mU<lAtK IM^D LTJ#* L 
fc 0 5^raJ#^Ik^f^'a*^V^MEMT*2IHIgte^tU % 40/ig/mLO Cytosine 0-D-ar 
abinofuranoside (AraC : Sigma, St. Louis, MO) Jkffl. 5 p. g/mLOTrypsin (Gibe 
o-BRL, Rockville, MD) ^^tftlEMX^SUfc 0 24B#P^*^ 8.5X10 6 cells/ 

dishhtc^Km&w^m^-r^Mm (llc-mk2/f7/m62/a) £Mu 40 /z g / 

niLO AraCRt^7.5/zg/raLOTrypsin^tPl^T-H^2 HF B l37^T^#bfc (P0) 
0 Ztlb(DlmM$:\E}%l^. ^Vy f iS^mL/dishfcfc «9 tf> 0pti-MEM|vl»U7h o 
^tli$f£ 3m^!)mx.bfc^ 9>T-tf- h^r-?rO^*LLC-MK2/F7/M62/A^ h7 
yX7x^-yayU 40/zgM<£ > AraC N 7. 5 /i g/nLOTrypsirL&tF50U/niLtf>collag 
enase type IV (ICN, Aurola, OH) ^^ik.m^^^WM^m^'CX^m^ 
7c (PI) o 3~1 4 0m«±«©-Si5^i:^^ Hffct«L7tLLC-MK2/F7/A^ 
40/ig/mLO AraC, 7. BMg/mLOTrypsinRt^SOU/niLt^collagenase type 
IV^^Jk*^-a•*^V^MEM^fflV^32 < CT^*Urt (P2) 0 3 ~ 1 4 B^-frfc 
^ff0S[ L7CLLC-MK2/F7/M62/A t^^^^ £ 7. 5 ju g/mL<DTrypsin&05OU/inLOc 
ollagenase type IV &^lkti&^£^MEM£ffll^C-T? 3 ~ 7 0 ffiig* b7c 
(P3) o Ullfc Lfd£*±?f »?i^l%K:&5 £ 5 ^BSA£» L-SO^CT^ b 
fc 0 ^«M>«'*St$:#*U Z£>'&<D£MRT$in vitro^{C#tL7t 0 

£7c, MMS?rh7^^{C«i-2>^/V/^f|BJ^tL-C, LLC-MK2/F7/M62^ H 
|:^WfA (pCALNdLw : Arai, T. et al. , J. Virol. 72: 1115-1121 (1988)) 
(DSeV-mfc* (&tfSeV-F5frg^) £SAU r 
£T\ J:Dii5V^^-1 > ^---eOM^^SeV-<^^-- : S^W'5Itg^^— » (LL 

C-MK2/F7/M62-#33) 0^t±l«5»] Lfc e ^ote&fflV^fiiSl L7C#£\ Fitted 
«g£^ALTV^^M^£§!SeV-<^-- (SeV18+/AM-GFP) £'lX10 8 GFP-CI 
U/mL (GFP-CIU<D5t^teWOOO/70070{CfB«) &±<0?4 ?--(?m%k?Z> £ fr^im 
tftotc 0 ft, mmffi, VtcWfe, SeV18+/F (MMP#2) A M-GFP&tf SeV18+/F (uP 
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A) AM-GFPOS^t t i> Kl X 10 8 GFP-CIU/mL£Lh<£>^ ?-X<DmM&*SMX& 
■ofCo 

fflWiOjjfeXmffif&Z'iT itzM&s SeV18+/F(MMP#3) AM-GFP&OSeV18+/F(MAJPif 
4) AM-GFP5COV ^X\$?J Jl'X%L 2 £i:®%li-Z> Zbtf ttt3fefcd>o tc 0 CI ft b tf> t> © 

bftV^ mC^Wxmm^^tc^t^b, F(MMP#3)^OT(MMP#4)^*5Vn 

tw\ fi/f2WSTO (Fm&oftmtM®.) <dt^ >±\^mm^hv . mutt 
mmmmmw &wmw^<Dm&<Dmm*m^m<D&msttx^z^ffim* 
h%o mK, f{mm)<DT^^^x^^^-(o^^;v7,uwwsLX^t^t 
frt>, ^<D7*-f4 >xhtuz, i»6<, mw&o)Fm€KDmmz.-bmwis 

frv^xifV yxh% t t>fttc 0 

mnm 1 8 ] Fommtn&^m vtcieK&msev^t ? -©in vivo^u- y 
in vivofemm&weK&msev^f-ommi-z. MM>bx<?4 /v*»£peii 

et doTO-TSfii^Slt^T-fTofco LLC-MK2/F7/M62-#332r6 well plateT'^f^ ^ > 
7;V^yhKmMLtc^ AxCANCre&MOI 5T'«U ^^^32 C CT? 2 0 F^i§# L 
fc 0 r©|ffiUa^SeV18+/F(MMP#2) AM-^FPJ&V^iSeV18+/ AM-GFP&M0I 0.5T*^U 
, SeV18+/F(MMP#2) AM-GFP^)#^«7. 5 m g/mLOTrypsin^t)<50 U/mLOcollagenas 
e type IV^^lk^^-a £#^MEM (lmL/well) T\ SeV18+/ AM-GFP(D^fi7. 5 
Aig/mL<Z)Trypsin0^^^jkft^^^V^MEM (lmL/well) «t>T\ 3 0^32^1? 
ig#Lfc 0 &&wellft&$.k$>X±.m*®®.&s 2,190g-T?15^-F^^U [UlfcLfc 
±^5r^0.45Mm7^/V^-T-6iib, H^40, 000g-?30#f^i>Lfc o pellet 

?tpbs 500 n ixmm imu i^mn t ufc G ^<dx?\c l-cpm LfcM^&s! 

SeV-<^-GD^* — {± % SeV18+/F(MMP#2) AM^FP&t>*SeV18V AM-GFPWft^ 
ft, 1.3 X10 9 &IR5 X10 9 GFP-CIU/mL-Cfcofc. 1 7$3±tfl 8"?fER 

Lfc^'f^fi:F^e«^M^^^x*5'9«tt^1-5o -©<£ 5&SeV£FMi* 
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MSeV&tci*mHmSeVkWJg 0 £AT SeV18+/AM-GFP, SeV18+/F(MMP#2) A 

M-<JFP S X-T^SeVlS+ZF (uPA) AM-GFP£\ ^tveftSeV/AM-GFP. SeV/F(MMP#2) AM-G 
FP, SeV/F(uPA) AM-GFP thmmt^o 

Exogenous experiment 

£ffljfe^ WbyDfT-fl: mtot 5^¥JlR ^Exogenous experiment t 
So $XT<DMMMlZte^X?fitc exogenous experiment (D&^t^M^-t 

0 ^thtm^mw^n<>tcm^it^fi^fb(Dmmm\cio^xmmvtc 0 96 wen 

plate (CLLC-MK2 ^confluent (5 X10 5 cell/well) fc&S £ 2 fcig*Lfc 0 MEM 
X'2mm§'&, SeV [FW^MriXlO 5 CIU/ml%L<fiF^M^M:lX10 7 particles 
/ml (HA^ ;^»2 5#BB) ] ^fMEM£50/x ift^ H^I^S 
50^1©7 P nxT-if^MEM^Px.fc o 37 t CT^*tfc 0 4Bt, $k%MWSt\Z 
T^Ot>^>^(9^^Lf Co 1mm 2 <D«fcfc<?<7>GFP03gmLT^M 

^$r*f>>- b bfc 0 T'nrT- iffi, collagenase (collagenase type IV) IC 
N Biomedicals Inctt, MMP2 (active MMP2) , MMP3, MMP7, MMP9 (active MMP9) 

Endogenous experiment 

^&$:££-£5Jilfe^I£Endogenous experiment t W-& 0 ^T^HJ&Mfc&V^ 
Tfirofc endogenous experiment ©S^ftft^MMSr^-fo i*l>£^&5^#l?fT 
ofc#^{i•^tL^i^CD«^|^c*5V^-Cl5«L/c 0 96 well plate J®£con 
fluent (5X10 5 cell/well) fcfc* «£ 5 M# Lfc e MEMX* 2 |§]&*f^ SeV [FM 
«: 1X10 5 CIU/mlt>L<ftF^P^M: 1X10 7 HAU/ml (H»J2 5#]f) ] ^ 
^MEM^r50 nlMx.. mmtS *fc 0 r <D R# % J#Jfe^ 1 %<h&5 <fc 5 fcFBS £ 
»Ufc 0 4 91 ^SI*»tTj8lfe(0t>6*S*)*««Ufc e Sfc* lmm 2 tf>*ffl 
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immm2 o] ?^m^^>^ ^a^^^-k^^^t-^ 

fMM^Il^ (Exogenous experiment) 

7>a fT- 1 Ay LTV^*V^-MK2*IBJia V vC, F©3fe^ m «t o 
X^-fn^T— KlUUaK^Sriai!^^ LTV^S d» Sr ±|B©Exogeneou 
s experiment 9 5fc&>«>fc (0 3 2) . SeV/AM-GFP, SeV/F(MMP#2) AM-GFP, S 
eV/F (uPA) A M-GFP <Z> 3 fSg©l0«C*®OSeV (H*«17) &*fflJ&lO0gte£ii\ PI 
Ufrfc-tJl^Jl 0.1 [i g/ml (O collagenase type IV (Clostridium histolytica) 
, active MMP2, active MMP9, $.tc\t uPA, £>3V^3: 7.5jug/ml Trypsin SriO*. 
fc 0 IbtWttiftlfc. F£&^LTWj^>SeV/AM-GFPB\ trypsin 

#WJ^r'fc5synthitium^^Ufc (@3 2 L) . MMP^I 
i5^J^FS6lf{^^jiA/7^:SeV/F(MMP#2) AM-GFP(i N collagenase, active MMP2, 
active MMP9lr*P^fcLLC-MK2-T?|ffliiail^^^^^tbs 5 synthi 

tiumtrf^Lfc (0 3 2 E, F, M) » — jj s urokinase-type plasminogen activa 
tor (uPA) , tissue-type PA (tPA) ^IH^J^F^eK(^ll^A/fcSeV/F(uPA) 

AM-GFP-ett, trwsinft&Txmmm&mmm&*t>ti, $6>icfm»**u 

/c^t^io-CuPAT'#»l)&T*fo5synthitium^MLfc: (03 2 Q, R) . £ 
jfttt, ^^(D^nxT-if^SSiB^^FgeW^l^^r ioT, 

[HJS09 2 1] ^|ffl«(^MMP^m#^^*BM-^M« (Endogenous exper 
iment) 

MMP^M»^"efc^HT1080 (t hilffiB (Morodomi, T. et al. (199 
2) Biochem. J. 285 (Pt 2), 603-611) , tPA3§S*fcT?&SMKN28 (t MftfttUte 
W) (Koshikavra, N. et al. (1992) Cancer Res. 52, 5046-5053) , 
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eVtrffll^T Endogenous experiment^ £ 9 m%k%ff otc 0 ^h^^M^O^h 
% MKN28ftS^^W^glf (Cell No. RCB1000) £ 9 „ £fc HT1080 (ATCC No. CCL- 
121) , *5£tf SW620 (ATCC No. CCL-227) , m$KVXf (D^MmXtim-t Z> SW4 
80 (ATCC No. CCL-228) , WiDr (ATCC No. CCL-218) , Panc-1 (ATCC No. CRL-14 
69) fi. ATCC (American type culture collection) <£ <9 tbfcfccDSrJll^ 

Kl&m& 1 % £: ft 5 £ 9 £FBS£» L.fc 0 0 3 3 XmlT& 0 MMP3§m*HT108 
0T'teSeV/F(MMP#2) AM-GFPO^10^^±• : eo^^t^5^ o xV^T, tPA^^MK 
N28T'{iSeV/F(uPA) AM-GFPO^^«®l^M^cOT>^>d5 <9 btbS. 
O^p 77— ^ ifcl X3W620"C < SlfeW5iS5 te#-bftftV\ 
[Ittttfl 2 2 ] Phorbol Ester"COMMP^9|fc £ &M!foW&M$$£ 

1*5 CI ttf^&^tl/tl^o -tOSUfeJiPhorbol Ester -?fc3phorbol 12-myrista 
te 13-acetate (PMA) }C ioTin vitro-CW^*** - t & »imX$>Z>o r.<OMMP3B 

fckW9<DWmifitot>tlX^&?aac I (ttftftttO F&^M*&MSeV-< 
OlfflJ^iSl^M^^^M^^fc (Zervos, E.E. et al. (1999) J. Surg. 
Res. 84, 162-167) „ 96 well plate \C PancI&£tM&<^l01fl£#ctr confluent 
(5X10 5 cell/well) tW±5K«tlfc. 1 7^ffiRLfcSeVSrfflV^-C 

Endogenous eiperimentfc* 0|»fcf?ofc. MHTC 2 ilftt*^ Moi=0.0lKlft6 

J:5}C1X10 5 CIU/rnKDSeVe^ MEM&50/Z 12JP*U SS?fe ^450^1^40 nM 

phobol 12-myristate 13-acetate (Sigma) £^tfMEM&;SPx.fco £©B#* 

tlttft 1 % t ft 5 <t P l£FBS£» U7c 0 
MMP2, 9©f|^mt±gelatin5^?§tt^^5§|5^ 5 e< W5gelatin zymogra 
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phyfe (Johansson, S. , and Smedsrod, B. (1986) J. Biol. Chem. 261, 4363-43 
66) tiotltgUfe. Ztl^fKOmm^mttt*), Sample bu 

fferTMfcfcbfc. mm&frl mg/ml gelatin t %Z «£ 0 7* V A'T ^ KfcS^L 
N 8%acrylamide gel£«U7c 0 SDS# !) T ^ D /VT 5 KWtftftttfc, 10 mM 

TrispH8.0, 2.5% Triton X-100Ti5fcfr L7c 0 GelatinaseiSttflS'* V ? 7 - (50 

mM Tris, 0.5 mM CaCl 2 , 10" 6 M ZnCl 2 ) T«37°C 1 B#*8K l%^i^/t— R"25 
0 % 55tftK, 10%^^y-/^-e^bfc (0 3 4±/^/V) 0 Cimm (control) , 

T#20 nM PMA^J:oT^$tL^±S^tr^V^c:t>OT? % HTlOSOfcPanc I~CMMP9 
dSf|»$tU-CV>Srfc^t>^. Panel T*ft^BU«^McOMMP2^ffl$^-CVN 

^^^t^m^gelatin^Mmmmt^^^t^hihX^^o HI 3 4 
(T/^>/V) ^fi5t s SeV/F(MMP#2) AM-GFPMIfeLfcPanc MMP^^ 

k i o rftuygteauBfetf* b ft 2. £ 5 £ * 5 k #7* £ flit. 

2 3] In vivofclfc ft SHT1080»$c«SeV/F (MMP#2) A M-GFPtf>t>6 

HT1080GDfeS^— K^^SrfERLfco BALB/c nude mouse (charles river) 
tf>#HrtfP©&~Rz:fc MfeM^JS HT1080&5X10 6 cell (1X10 8 cell/ml Sr50/il) 

flcKfi30~100 mm 3 * «K * £ fc£lT©FW«@!SeVSr50 ju 1 *«ttft 

ALfc: MEM (MM) (N=5) , SeV-GFP (1X10 8 ClU/ml) £"£tfMEM (N=5) , SeV 
/ AM-GFP (1X10 8 ClU/ml) tr'atfMEM (N=7) , SeV/F (MMP#2) A M-GFP (1X10 8 CIU 
/ml) ^tfMEM (N=7) . £3OT»*fcT«*Lfc (0 3 5) „ SeV-GFP 

, SeV/AM-GFP{i^ALfc^^?)^«^btL6^t^«X^5 (HI 3 5 E 
, H) o ^tb}-^UTSeV/F(MMP#2) AM-GFPTM^^/S^^^^^m^^tufc 
(|35 K). JfcfcLfcfcO-Cttv SeV-GFP, SeV/ AM-GFP^» 1 0 1 OCD&ft 
iSllB^tuSW^L-Cs SeV/F(MMP#2) AM-GFPXteM<Z>Wteo § DitTM 
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•tfGFP<Z>$85i<&®afcNIH image K£^Xhb#)tc 0 $£#i£*rt-SGFP$85i3a$c 
OM&\t. SeV-GFP^10%, SeV/ A M-GFP#*20%~Cfo <5 <D \Z.y$ LTSeV/F (MMP#2) A M-G 

FP&^\$m<D&Pk&%-btis mbfrftmpi&fc&y&fm&fttc (in 3 6) „ 
^ t tow * nfc. 

Kl^ 2 4 ] ft**- K-v**fc «t SF&^Mjfc&MSeV^ *-©8M*3b* 

OTO4^OFPISSlSeVSr50/ilj6aJ(fcK:aALfc: MEM (N=5) 
, SeV-GFP (1X10 8 ClU/ml) fcStsVM (N=5) , SeV/ AM-GFP (1X10 8 CIU/mlSr& 
t?MEM (N=7) , SeV/F(MMP#2) AM-GFP (1X10 8 ClU/ml) ^tfMEM (N=7) 0 2 0 
%5-^*©SeV£!®Mi-&ALfc 0 3 ©J*€l (a) N MM 

(b) „ (c) £1 BfctfcW-fflLfco Bftfttttt* iRIiWU ttlfctt 
^V=7t/6XabcT-fi-#Lfc 0 PBS, SeV-GFP, SeV/ AM-GFP ttj&3£l3fc#*!r < ft 6 
©t^LT, HI 3 7 T*^ Lfcfc 5 fc-<* ^-^^^j£^oTV^SeV/F(MMP#2 
) AM-GFPg^^iPJb>5 : 'M?g-li:-f/^^V^^^T^ofco tfcjfel::£5tfj*jfctt 

^&3gfc LT V **V^ % d^fc> £>T % * ©aaftjft** fe £ - i LTV n 5 o 
2 5 ] F#MS/F&^M*£:SSeV^ $-<D?m 1 
iiBTr/B V Nfcait ©SeV<^ * - <OVm.K f*Ftf>MgJ& & £ £ * 5 * £7. 5 » g/ 
aloM^BkMO h V £tf 50U/ml©coUagenase^V^fci§&'T?J#3t N 

FMggysev^^-^Lfc mmmi 7&j;tfi 8#i) 0 ^-m, 

KL-fMSeVtrHUfcU F^WSSSeVSrflsKUfco 

AflcWKlttx 10cm disMC LLC-MK2/F7/M62/AlBi!S^confluent(J:Jt^L7to 
#1 1 7 XMM Lfc#F&^M^&MSeV £Moi=5fcfc5 i 5 KUfiSfeSiirfc. 1 l*M* 
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, _k«*£In|J|5lU *^jfctdSlXfcftSJ:5K: Bovine Serum Albumin (BSA) £r 
Jqfcfc. HAU titer£ftl5£3L &/B£T'-70^-Ci£#Lfc o ^^m©F8fe^M^^ 
?SSeVft 2 7 ~2 10 HAU/ml (1 HAU = 1X10 6 particles/ml <OV 4 
tlZOX* 1X10 8 ~1X10 9 particles/ml HL^i"*) <DmX'®%L$1n. fcfcfc* 
V) 1X10 8 particles/ml Kfot>ittc 0 

Exogeneous experiments U£-VK2^<Dffife&^ SeV/F(MMP#2) AM-GFP&, 
mmfttltes SeV/F(uPA) AM-GFP&, uPkt.tc\*t?kfe&#}Km&Z>'<? 
ifUX* gtc^b £ tilt (exogeneous protease©?*— * 14*$^) 0 MMP 

$g5M*HT1080, tPA%3#£UKN28, ^nf7- t ^3§3LLWfr^SW620-C 
x ynxT— if^^^^^Jl^M^^RriM^if 9 endogenous experiment^ 
£9fWc (0 3 8) . SeV/F(MMP#2) AlHJFP»MMP|gm^l080-C^^^bn 
tPA^m*MKN28T'«, tfffe#*e>*L*V\, SeV/F(uPA) AM~GFPfi N tPA^m 
mKil28X-teZm&%-btb5i>K MMPH^W1080T-M^^^^^^v\ r©i 

[Hife#J 2 6 ] Human fibroblast \Z. £ 5MMP3, ||ff>7ff§*l£ «fc 5FBfc3EHfc5fe®!SeV 

SW480^ itWfiDrttf ibroblast t % L < ttin vivot?©Jg#te io^ 
n-?tvMMP3, MMP72SSi*£ft5£fc#*£;h/Tl^ (Kataoka, E et al. (1997) 

Oncol. Res. 9, 101-109; Mc Donnell, S. et al. (1999) Clin. Exp. Metastas 
is. 17, 341-349) 0 d;h,fc©lM&«:ttot:in vivoXF&gMX&WSeV^? ? -<D 
iKftj^JEflTt"***^ 5*^H^fco 96 well plate (C^tl/^tbOSM^^rconflue 
nt (5 X 10 4 cell/well) KlfcS i 9 KH8# Lfc 0 MEMT* 2 1 HAU/ml (1 

HAU=1X10 6 particles/ml O&j A'XtgfrtC&MVX 1X10 6 particles/ml) OF 
#WS3!SeV£tfMEM*50Ml*n*.s 5X10 4 cell/well fcftSJ;?^ 

Normal human lung fibroblast (TAKARA) 4 S !Q3TC~(&flk Ufc (0 3 9 
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) o SW480*3itWiDrfi, t t» fcbman fibroblast £rco-culturei"3 i t (C<t oT 
, SeV/F(MMP#2) AkHJFP«^-r5<t5(-^ofc 0 Iifc©jta&»&fcl*f620-Cf«- 

immm 27] u ^M^Mi&^oF&^^&Msev^ * -©mmpjur 

&*1/CV^5 (Galis, Z.S., and Khatri, J.J. (2002) Circ. Res. 90, 251-262; 
Martel-Pelletier, J. et al. (2001) Best Pract. Res. Clin. Rheumatol. 15, 
805-829) o 

X&MSeV^f (DUMPm^M^^^^^-tCo 96 well plate K human smooth m 
uscle cell (TAKARA) Srconfluent (5X10 5 cell/well) <t 0 KlijfllLfc. 

MRMT* 9. |5Bfefrffr, SeV (F^WSM: 1 HAU/ml(lX10 6 particle/ml) ^ MEM£5 
0/xljJD?U m±&tto [^t50Al©/Pr7^»JOi, 40^37 O CT^ 

1mm 2 ©»fcfc^9©GFP©|§mbTV^5lffllla^^^^^b^ (04 0) 
. SeV/AM-GFPT*fitrypsin^r>Eia^S- tfc £^X<DfyBPk&AM^tc<DKj$VX 
N SeV/F(MMP#2) AM-GFPT'(icollagenase, MMP2, MMP3, l«T^©^;o\ru§L 

2 8 ] F«M^MSeV-<^ ^-©7°nxT-^#^jF(DM^ 
HJfeflJ 2 0 -eF3k»c£liSeV^ * ^tb^ft©?'* f7- 1f ##pgS?"J£ 

F^y^^ftt^tfrfciaot, M^^sev^, ^©^ia»##j^s» 

lK£3!jR*i£1-3 - t Z^htc 0 £ b^^tCT'nxT-ifW^iCFO^Iig 

^©f-V^y ^^WT©*fet?^Tofc 0 SeV/AM, SeV/F(MMP#2) AM, SeV/F(uPA 

) AM© 3iI©D-f ;V^»^M0I=3T'M^ ^/N 0 ^^#Ufc^WN 0 — 

itfco ^2 0^, lM%-Z®tiLU xl8500 g -e3B#F^'frU ^©i«fe&)£PB 
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S-eStfA/^bfco ^tL^ftO£^/V*»i&l-7.5Mg/ml hVy^s 0.1 ng/m 
1 MMP9, 0.1 ng/ml uPAOft«££&5 £ 5 i^D 77-f» U 37U 30 
min &3ffi«, f-y7 p ^/<y7T t -*iP^ SDS-PAGEi^ y^/V £ Lfc 0 SDS-PAGE& 
T$*?*-*9— y/nyf^ y^teJSfefc^oTfTofc (Kido, H. et al. Isolati 
on and characterization of a novel trypsin-like protease found in rat bro 
nchiolar epithelial Clara cells. A possible activator of the viral fusion 

glycoprotein. J Biol Chem 267, 13573-9 (1992)) e fetFl^^^fr«3ocD?l 
-^•fifc^f-K (FFGAVIGT+Cys: 117-124, EAREAKRDIALIK: 143-155, CGTGRRPISQ 
DRS: 401-413; ZMWSS&fc* : 4 6, 4 7, 4 8) SrftftUWLi»Sr»fc, 

2?fcfet#:tf4HRPSIi^:'>^ :3 ?IgG^:^ (ICN, Aurola, OH) £fflV\ SgfeOtfcfflfc: 
te-fb^^^fc^ (ECL Western blotting detection reagents; Amersham Bioscienc 
es. Uppsala, Sweden) £J3Wc 0 04im». FSrifcaELWfcl^ltftfcffiSeV ^ 
(1, 4, 7, 10), FICMMP#2 EJOSrif AUfcl0C3feS!SeV^^- (2, 5, 8, 
11), F{£uPABB»#ALfcH££MSeV (3, 6, 9,12) $r±|SO^nx 

m 4 l frb£frZ> i 5 fc, h y :/^#£TTiiF£«LTV^V^£MSeV 
MMP#feTT*f*F|CMMP#2 KW&Jf AUfcMfc^cSlSeV u 
PA#ftTTW£iiPAlE^#ALfc^£MSeV -WMfALfc:/ 
PfT-fSf^ot, Fl^Ol^ig^oTV^. r::fca^**i\&SiiPAlB 
^I^ALfcM&^SeV^ fcfclvrtt h !> ^W^rtETTf* -?:tf>£^P#ffl 

^7^y^/^tJ;5 ?s£^tf>tt Ate ? W /v* <£>K £ it±4il©«BJi&tt©lk 
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XF<D^>7*yL—^3y&Wt>Z>Z.btfMM~?hZ>b£tlX\^% (Russell, C.J 
. , Jardetzky, T. S. & Lamb, R. A. Membrane fusion machines of paramyxovirus 
es: capture of intermediates of fusion. Embo J 20, 4024-34 (2001)) 0 ^ 
1t fe % m t h if <D'< 7 S 9 y !7 -f fr* ©F* V *9 £ ^"C t> II 

•MA^fc&^TF&it^OiNllJ&ft (cytoplasmic domain) ZMZtZ 

<DiB^B^ii#1-5W&bftTV^ (Cathomen, T. , Nairn, H.Y. & Cattaneo, 
R. Measles viruses with altered envelope protein cytoplasmic tails gain c 
ell fusion competence. J Virol 72, 1224-34 (1998)) „ -fcV^V •M/l'^fclft 

££3££fr£fERU pCAGGS38^<***- (Niwa, H. et al. (1991) Gene. 108: 
193-199) Klfl&ftLfcflL pCAGGS^«HNSr!l^H7>'^7^^v'3 % /U 

FOcytoplasmic domain^ M o im&W&fc* OT©/7^^iaot, 
^ft^ttf>CR£?Tl\ »r#$rXho I, Not I pCAGGS^^^-(Cy-f >f—*/ 

a^Lfc. Fct27 primer (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /$SMtt : 
4 9, 5' -ATAGTTTAG<XKX^CG<TCATCTGAT(T^CGGCTCTAATGT-3 , /SH^J#"§" : 5 0), Fct 
14 primer (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /IB^J#"§" : 51, 5' -ATAGT 
TTAGCGGCCGCTCACCTTCTGAGTCTATAAAGCAC-3' /@B^!l#"§" : 5 2), Fct4 primer (5'-C 
CGCTCGAGCATGACAGCATATATCCAGAGA-3VIB^J#-i-: 5 3, 5' -ATAGTTTAGCGGCCGCTCAC 
CTTCTGAGTCTATAAAGCAC-3' /IH^iJ#^- : 5 4) (Kobayashi Met al. J. Viol., vol 

77: 2607, 2003) e 

ttlMtefc©aOJ£©fc«> % LLCMK2% L < l*HT1080£B»24? *.)\>-7 V- b^con 
fluent Cft5i5Wfc, 50 /zl 0pti-MEM}C^LT3|i 1 Fugene6£^Lfc 0 
#pCAGGS^m^7^$ KSr2Mgt^*©pCAGGS/EGFPSrS^. 0pti-MEM£Fugen6 
<Dm&WiKMZ-tc 0 &&r*15&VmMt. 500 jtt 1 MEMi§«iJ^«^Lfc24'7^ 



WO 03/093476 



110 



PCT/JP03/05528 



;U^U-h^maLtc 0 37<C, 5%0 2 t?3B# mi%W&s HT1080£D^- 1% FBS^JPM 
EM, LLCMK20^7. 5 n g/ml Trypsin^ L< MS £tL7c^tf>collagenase type 
IV (Clostridium) LTcMEMigife^Mm bfc„ 48^^^*^. #J£®«tf> 

100f£&&fcfc 9 (0. 3 cm 2 )cDjg&-£Lfc^y-^? AOic^r^ h Lfc„ t> L< 
&4% Paraformaldehyde®^ 2 70%^?/-^, M^WMfe. 5#f?3 

henatoxylin&&£*Tofc#, Tk&U A^f^LTV^O. 3 cm 2 ^7t 

3ag©F<7>»s w ^o^^^fcr ^ /mmnzm 4 2 (a) k, zcdm 
&m&zm 4 2 (b) fcyfrf, in 4 2 (b) x^-r & 5 \^ ?wkvtm& vtcm^-t^ 

K^-f ^14T 5: ;mzt£Z> <fc 5 &-28T 5: /^&|iJofcIB?lJ<£>F* y^SC ( 

Fctu) tfm^tDm&m&m^ timbfrfcteotz-o 

mMM 3 0 ] F/HN^r y 7 * > /< t feW&M $ * 5 

4*^^LT*5t), &5lV^»K^y (Ectodomain) joitWW^IC 
^bT^S^'f^L'CV^§^^^P^b^t^oTV^S (Plemper, R.K., Hammond, 

A.L. & Cattaneo, R. Measles virus envelope glycoproteins hetero-oligomer 
ize in the endoplasmic reticulum. J Biol Chem 276, 44239-46 (2001)) 0 |H 

4 2X^LtcX o \z.Ytem&X\m&Wk % fcf\ Mtf&mxib 5» - © - t £ 19 
F£HN<D^ 7*V/^£fls»lU HD«M±^IH^®1'^^> / ^^^ UTFirH 
NOT^^Haot, i«9H^^V^^-O^MIr^fc 0 Ftell 
-ys<9 X*b 9 , m\-sm<D^k? lss<?XhZ>^t&*), HI 4 3 (A) T^i~ 

y/^£tf^Lfc (Fctl4/HN) e F^y^^f^j8l'^Bg(Oi^^ofcFctl4l^fflV^fc„ 1^ 
^{C^CD2o©^>'/-?^OPfl^50T^ y^b^S !> y#-iE?"J£3f ALfc (Fct 
14/Linker/HN) 0 r © V ^JJ-mnn^&O&iMXit t*<D? fch** n i?- 
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^Wtc^^MM^h^o (Simian immunodeficiency virus (SIVagm) <Denv<Dcyt 
oplasmic domainOT$/^IS^J©N*^^C«?rjt^UT^Lfcnon-sense ft 

mmzm^tco ) 

/M*t 7 * V/n° ^ «^£pCAGGS^ * -K&M Ltc 0 Fmfc*RVW&fc*K 

F/HNst^r H ^C150 bp £>y V^Ht^ (50 amino acid) AUcb© N L 

&l^©=H1^Lfc 0 ^T(-^7-f-7~OiS^J^-to F»fe : f7 P 7-r-7-(F-F: 

5' -ATCCGMTTCAGTTCAATGACAGCATATATCCAGAG-3' /@H^J#-§- : 5 5; Fctl4-R: 5' -AT 

CCGCGGCCGCCGGTCATCTGGATTACCCATT AGC-3 ' /IE#J#-§- : 5 6), Linker/HN 

y 4 ^— (Linker-HN-F: 5' -ATCCGCGGCCGCAATCGAGGGAAGGTGGTCTGAGTTAAAAATCAGGAG 

CMCGAC(ftAGGTGM(£ACCAGAGGAC^ 

ATCTCTA(XTGTnATGGACAGAGGGTTAGG-3 > /SS^'J#"§* : 5 7, HN-R* 5' -ATCCGCGGCCGCT 
TAAGACTCGGCCTTGCATAA-3'/@H^J#^- : 5 8), Wmte^7-<^ (5' -ATCCGCGGCCG 
CAATGGATGGTGATAGGGGCA-3' IW^% : 5 9, 5'-ATC(XCG(}CCGCnAAGACTCGGCCTTGC 
A-3'/Bfll#*: 6 0), 

0 4 3 (B) T?*1-«k 9 y VtfHB^JO&V^ 7 * T?tt<£l , *^B&* 

/nf T-t*iaoTF^y/^f^2o©t^5' h (PI, F2) MSN'S - 
i Wer^TffcS. 0 4 2*5 ±1*4 3 T*« h y ^S^fffcTWltefc&ftSU 
T*5 0 s h y yi/y&fo^MX*l*±< m&&&1&\ EI4 3 T^LfcFctl4/Lin 
ker/HN^M 7 * dW##«K:lk<£*B «k 5 fc. Ftf>M§iIE?iJ£>ft 
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!g©6a?9fc&LT3fc3Ei£r$^fco QuikChange™ Site-Directed Mutagenesis Kit ( 
Stratagene, La Jolla, CA) \Z X o X M 4 4 (A) (O £ 9 KBIgftflWJT $ S 
&3fegtfc B Ut-tHu r/PxT— tffc£5tjD8r&tf>Fusion pe 

ptide(Dgfi^ljT*fe5o ^7^V <M/K*<DF* V/^|f©Fl©N5fc^#fiiFusion 
peptide iPftftk ZOM&fe&KMMX'h*) , ^©^©7 5: F 
* jf (DSfc-g-t^grfe-f - £ as#£$tLWS (Bagai, S. & L 

amb, R.A. A glycine to alanine substitution in the paramyxovirus SV5 fusi 
on peptide increases the initial rate of fusion. Virology 238, 283-90 (19 

97)) 0 ^otc^mmm^m^nx^Fim^i^mmm^o^n^^ 

(DfacDWVK «fc 3 ^ $/ r 4 isffc ^ bfiX^ 5iS?iJ-efc 3o MMP#3:io itflf 
8^J&»«i LTrfrJi££ftTl^ffi?iJ-Cfc5 0 MMP#2, 6tt, MMP2, 90£-fi?SSfP 
LGMffSOiB^J^^T— ^V^^W (phage display) T'PJ b^^o7cMMP9}C 
^••f-^a^-fe-^ih^iE^iJ Pro-X-X-Hy-(Ser/Thr) LTc^oTPLGMTS, PQGMTSi: 
&^Lfc (^MllPJIt: 6 1*5it^6 2) 0 MMP#5«Shneiderfe(D^ (Am 
erican Society of Gene therapy, Annual meeting No. 1163 2002, Boston) <£ 
D PQGLYA (|E^J#-i-: 6 3) t b7c 0 MMP#4«^^OFusion peptidetf>IEW#: 
^£ftfrV\, MMP#7f4MMP2(C^-1-5phage displayed kJHc&ofciE^J-Tr&So 

F/HNK^5te^^F(D^tt^TO^MLf^m^7^5: KCDPi^p 
£ffl£^Ufc 0 F/HNHl-a^i^^*^#, pBluscript F/HN_hT\ FO^mtUW 
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3E£&$ALfco QuikChange™ Site-Directed Mutagenesis Kit 

(Stratagene, La Jolla, CA) Srfllffl UTKit^fB^O^lC^oTff ofc e 

tfc^^y =^is?m, 

F(MMP#1): (5' H^TGTCACCMTGATA(XACACAAMTGCCccTctTggCCtGggGttATTCTTCGGT GC 
TGTGAnGGTACTATCG-3' /IE^IJ## : 6 4, 5' -CGATAGTACCAATCACAGCACCGAAGAATaa C 
ccCaGGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /SB?IJ#-^ : 6 5) , 
F (MMP#2) : (5' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCatGaCGAGtTTCTTCGGTGCT 
GTGATTGGTACTATC-3' /IB?lJ#-§- : 3 2, 5' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCa 
tGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /|B^!J#^" : 3 3) , 
F (MMP#3) : (5' KITGTCACCMTGATACGACACAAAATGCCccTctTggCCtGggGttAnCTTCGGTGCT 
GTGATTGGTACTATCG-3' ffi&m% : 34, 5' -CGATAGTACCAATCACAGCACCGAAGAATaaCc 
cCaGGccAagAggGGCAnnGTGTCGTATCAnGGTGACAG-S'/SB^J*-^ : 3 5), 
F (MMP#4) : (5' -CAAAATGCCGGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT-3' /ga#|## : 
3 6, 5' -MTCACAGCACCGAAGAATCcCaACgGGGGAGCACCGGCATTTTG-3' /IE^!l#7§* : 3 7) 

F(MMP#5) : (5' -CTGTCACCAATGATACGACACAAAATGCCccTcagggCttGtatgctnCTTCGGTGCT 

GTGATTGGTACTATC-3' /ga^!l## : 66, 5' -GATAGTACCAATCACAGCACCGAAGAAagcataCa 

aGccctgAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /IEi?!l#-§" : 6 7) 

F (MMP#6) : (5* K^GTCACCMTGATAOJACACAAMTGCCccTcaaggCatGaCGAGtnCTTCGGTGCT 

GTGATTGGTACTATC-3' /Sa^lJ#-^ : 6 8, 5' -GATAGTACCAATCACAGCACCGAAGAA aCTCGt 

CatGccttgAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /IB^U##" : 6 9) 

F(MMP#7): (5'- CTGTCACCAATGATACGACACAAAATGCCctTgcTtaCtataCGgctTTCTTCGGTGC 

TGTGATTGGTACTATC-3' /IB?0#-$§- : 70, 5' -GATAGTACCAATCACAGCACCGAAGAAagcCGt 

ataGtaAgcAagGGCATTTTGTGTCGTATCATTGGTGACAG-3' /E^J## : 71) 

F (MMP#8) : (5* -CTGTCACCAATGATACGACACAAAATGC^ccTctTggCttGgCGAGaTTCTTCGGTGCT 

GTGATTGGTACTATC-3' /E^l#* : 7 2, 5* -GATAGTACCAATCACAGCACCGAAGAAtCTCGcC 
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aaGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /WJ#-^ : 73) 
/K£^fB«^A&X£^LTV^o gfcglft, EcoRIT'isO 9 tU U pCAGGS^ 

Zfr^tUDWMtt-fZ^? fi — tVSfflkts* ^tt5^^ (pCAGGS/EGFP 
) «r«iB£*U MMPSri^limb"CV>aHT1080fch7>'^73i^i/3yU7to %<D 

J*Zl&f&L1i. (134(B)) o ;LttfcOSa^Jfc#SK?*>5<Dtt, T'nfT- fcftc£5 
iiUJif^ Fl^y/^^ON*«^Hy-S/T-S/T|B^J (MTS) ^tt^ftSCl ^T-fc5 0 
Z(DZb £9Hy-S/T-S/TgE?!l (^tdMTSSa^fj) Otttjp-Cfcft^ HT1080S5l5£>MMP 

#©^^#^fcLTV^^Tlgtt^^V^i!#x.bn5o MMP#1, #3, #4, 

#5, ,#7, $$£l?#8(Dm&, mmm^±<^h^i^tc 0 MMP#4«<1--<T 
(Z)i5?lJftMMPO^SMS*OiE^J^Weprotease K £5§JWte££~Cl^5 bf- 

X—^li^^^V^S, HT1080CDPhorbol ester^i^MMPO^^ioTMMPW^iX 

$ h tr. £>MMP#2, #6<DgS?iJtf>I&-£f£tf>Jti££ 1 1 1> £#6tf>Fusion peptidelE?!! (7) 
N*$S»b 7#g tl2#a<DSa^J^G^bA^«LfciE^J^COV^TMMP^^fe# 
ttfc*M^^*rSlfcbfc(H4 5) 0 r©F/HNli^-5t^^^X^MU/c 
^^-!) =*"£>IE?!l{3u 5' -CTrCGGTGCTGTGATTGcTACTATCGCACTTGcAGTGGCGACATCAXA 
C-3' (|H?U#-^': 7 4) *J <fc 5' -GTGCTGATGTCGCCACTgCAAGTGCGATAGTAgCAATCACA 
GCACCGAAG-3' (IB?iJ#-S§- : 7 5) "CfcSo /K£# : *1B«^IIA:&S£*L-^ 

aggs— 7 v a 3 r. t m «t 9 fr ft o fc 0 



WO 03/093476 



115 



PCT/JP03/05528 



/^©R£f6©±#-t"52E&fc LTft&$4vrv*3G2&»£>A^©asa (Peisajovich 
, S.G. , Epand, R.F. , Epand, R.M. & Shai, Y. Sendai virus N-terminal fusio 
n peptide consists of two similar repeats, both of which contribute to me 
mbrane fusion. Eur J Biochem 269, 4342-50 (2002)) £ & fetCsSALfcti'S* (# 

6G12A) . m&m&i o^©i»w>itLtofc 0 £jh,e>©jfe*j:!K ^ 

tf-Cf±F* ^^©fitt^iJItS - 2&ST?t1*FusionfgSr$c 9 4§£-##l^ £ ^ 
ctH/Linker/HN©3M 7at^©*-t?«**lft^'SttSr*i'- i ± 0 ^ -tf>7°7 

3 2 ] ]»^|g=Sr±# ^-frfcafe^Smaa^C^SeVy / i>>cDNAe>*ig 
H»!l 2 9 *5iU? 3 0 (d&V^TpCAGGS^ ^-ic^ LfcF£&^-f 6 - 1 \Z. J: 

*fc B ^^F^^M^^MSeV^V^cDNAOjl^li^^^T^^jfeT-fTofCo Se 
V/F(MMP#6) AM-GFPfcHlLTte, «m 6 £IS*©#ifc"CfTo;fc. FjUS^© 
^SAtefB?!l#-i§- : 69(D^-y =f^^^^KSrffiV\ LITMUSSall/NhelfrgAM-G 
FP±"CQuikChange™ Site-Directed Mutagenesis Kit (Stratagene, Lajolla, CA) 
SrjBlfflLTKit fc|B#<D#ifefc&oTfTofc 0 g»£*ALfcLITMUSSalI/NheIf 
rg A M-GFPOSal I, Nhe I ?&fb&© 7 9?*>hk F&5^H^teEGFP3t£r?-*r« 
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ttbfcF^S-fe^^^^/VX^^ry^cDNA (pSeV+18/F-GFP:Li, H et al J. 
Viol. 74, 6564-6569 (2000), W0OO0/70070) ©Sal iRXMie IT'MtebfcNPjtfc 
tt'at????* V h&vJV-^B SeV/F(MMP#6) AM-GFPOcDNA5r«HL 
tc (H4 6) 0 ?9^^%(0»%Y^^^<D2ZrxJW.^X^^tzMtK%Wz 
isPJtrJ AO* (SeV (TDK) /FctU (MMP#6) A M-GFP) & £ W/W^r *7?^s<?% 
^LfcM^£Mi?V^!7^*(SeV(TDK)/ Fctl4(MMP#6)/Linker/HN A M-GFP) 
(Dmmt^ -AS? ? v — =. V tfW ht>¥J'?'( /V^cDNA (pSeV (TDK) t ffcf) ( 
#M2002-272465) t Lfc D F* @©*HifiSt K^-f Vfctrancate 

LfcM^&SHr^V »M /V^SeV(TDK)/Fctl4(MMP#6) AM-GFPteWTtf>£ 5 fcflliS 
Ufco TDKSrlHS-WSfc^ *-fpSeV(TDK)/AM-GFPSrfmUfc 0 LITMUSSall/Nh 
elfrgAM-GFP^ttM^LT^^^^^— (Nhe-GFP-F: ATCCGCTAGCCCGTACGGCCAT 
GGTGAGCAAG ®?IJ## : 94) tGFP-EIS-BssHII : AT(XGCGCGC(XGTACGATGAACTTTCA 
CCCTMGTmTCTTACTACGGAGCmACTTGTACAGCTCGTC (@E#l#-§- : 95)) £(£oTPCR 
K±oTl«ffiLfcGFP/EIS (te^H*MMS^^A'*= 3ta -K b t"« EISffi^JSrttiPL 
fcGFP) t TAf- h -fc ^ >f «M /V* cDNA&Nhel, BssHIl8yi& 

U 77^VM: =74f—\ x-ay-rSitlcio-CM^V/^trGFP^a^U 
pSeV (TDK) / A M-GFP£f£M Ufc„ 

$ tHJfe«l31"ef^S LfcpCAGGS/Fctl4 (MMP#6) /Linker/HN^ftMtC tt-p^ 
Mlv-F: ATCCACGCGTCATGACAGCATATATCCAGAG (gB?!l## : 96) , RtfFctl 
4-EIS-Sal I: ATC(XTCGACA(XATGMCmCACCCTMGTnTTCTTACTACmMCGGTCATCT G 
GATTACC (ffi?fl#-§- : 97) ^o-CPCR{C < to-Ciiit>Sb7tFctl4(MMP#6)'SrFjiei 1 © 
35»*> 9 fcFGD&tffcif Ax fS&U P SeV(TDK)/Fctl4(MMP#6) AM-GFP£«|g L7c ( 
14 6). F/HN^r^ 7^ MLfc^Ity^ >>^/W ( P SeV( 

TDK) /Fctl4 (MMP#6) /Linker/HN A M-GFP) ©ISSBStfTofc. GFPSrHSac 
Zf^J^r— (Nhe-GFP-F: ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG (SB^J#^ : 98) t 
GFP-EIS-Sal I : ATCCGCTAGCCCGTACGATGMCTITCAC^^ 
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CTTGTACAGCTCGTC (gE?iJ#-§- : 99)) SrftoTPCRfcioTiittUfcGFP/EISfc TA' 
3-fu—~l/yy->( MrV^-f <M/V*cDNA£Nhe I, Sal I&S&U 

7^^v-3^-T6r^^J;oTJGl^*5«tU { F5t^^^$ j a:, GFP 
fcggl Lfc v pSeV (TDK) / AM A F-GFP£« Lfc c $ S> fc3lQfc«31^f^R LfcFctU 
(MMP#6)/Linker/HN?r^MtbT, ^-(F/HN5' Nhe-F: ATCCGCTAGCAGT 

TCAATGACAGCATATATCCAGAG (IB»-§- : 100) , F/HN3' Nhe-EIS-R: ATCCGCTAGCACG 
ATGMCTTTCACCCTMGmTTCTTACTACTmMGACTCGGCCTTGCATAA (|E?!l## : 101))?: 
ffio TPCRfc «fc o T*|i)i LfcFctl4 (MMP#6) /Linker/HN^rifaOpSeV (TDK) / AMAF-G 
FPONhe 7 A V—*/ a ^1" 6 £ £ £ i o TpSeV (TDK) /Fctl4 (MMP#6) /Linke 

r/HN A IHJFPSrflltg bfc 0 

[Hlfetffl 3 3 ] ^^MF^^M^^S-fe l/***?* /V* t ifipg 

3 2 LfccDNA/^ fe <D V 4 A** ©?i*J&{iLi h ©fg£ (Li, ft -0. e 

t al., J. Virology 74. 6564-6569 (2000), W000/7O070) \zMoXfiitz. 0 
U 17i IBIfllfcHfc*ih?*> 5 ©"C\ MM 6 «r h 7 1-*^ 5 - 1 # 

prtB^/V^-jBBja 0O6« 1 1 ) ^rffJffi tfc ^s^^HWfif^RfcttCre/loxP 
mmimi/XT^ZmrnVX^^, SSfcf^-MiCre DNA IJayift-fia 
0 it^^Mfe *f|»ISSi- S i 5 KRSr £ *Lfc:f7 * 5 KpCALNdLw (Arai, T. e 
t al., J. Virol. 72: 1115-1121 (1988)) SrfUft LfcfcflrefctK 1^^^^ K 
O f7^7t- hfcCre DNAP =tyt?i—> tf«r383W"5fe#i**.T5V *? 4 
;V7, (AxCANCre) £Saitot>£>;fr& (Saito, I. et al., Nucl. Acid. Res. 23, 3 
816-3821 (1995), Arai, T. et al. , J. Virol. 72, 1115-1121 (1998)) T?Jfi3fe 
£ ^TffAate^fcJSSl S. FOiSttfltfMfcfcS&fe LfcM^MSeV©f?flfj&« 
SiT(D£o\Zffofc 0 LLC-MK2»?r 5X10 6 cells/dish"? 100mm© Htjf 
I, 24#W#*8L y^l^^ (psoralen) (365nm) T*20#IM3i 

UfcT7# y ^ 7— if y = > If^y hV? !7 4 /V* (PLWUV-VacT7 

:Fuerst, T. R. et al. , Proc. Natl. Acad. Sci. USA 83, 8122-8126 (1986)) 
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SrMT?ri*nM8feS-£fc (moi 2) 0 mm*mihM<Dismx*ffifrLtc^ 77* 

* KpSeV/F(MMP#6) AM-GFP (g!cV N fipSeV(TDK)/Fctl4(MMP#6) AM-GFP, pSeV(TDK)/ 
Fctl4(MMP#6)/Linker/HN AM-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A. et al 

Genes cells 1, 569-579 (1996)) pGEM/M&tfpGEM/F-HN (Li, H.-0. et al. , 
J. Virology 74. 6564-6569 (2000), WOOO/70070) Z^iV^tlW (ig, 4 fig, 2»g 
, 4 jig, 4/xg^U ? 4/ig/ / dish(^#lfc-e0pti-MEM (Gibco-BRL, Rockville, MD) K 
HSU lfig DNA/5/zLfBii<£>SuperFect transfection reagent (Qiagen, Bothe 
11, WA) %AfcXm&U &MX*15ftm$kW&. *$t-ift£3% FBS^tfOpti-MEM 
3mL{£ Aft. LXmm Ufc 0 5B#H^«mM£^ £ V ^WMX* 2 tUSfc^ 

L s 40 n g/mL<D Cytosine j3 -D-arabinofuranoside (AraC : Sigma, St. Louis, 
M0) &t;7.5/tg/mL<ftTrypsin (Gibco-BRL, Rockville, MD) £r*a tPMEM-C^Lfc 
. 24M*g*mx 8.5X10 6 cells/dishfcfc9JCFge^^m-r^)» (LLC- 
MK2/F7/M62/A :|IJfe#I12) SrfiJfU 40/t g/mLO AraCS.07. 5/z g/mL(DTrypsi 
n^tfMEM-CM^2 0P^37 c CT?it*bfc (P0) 0 ^ftb<Z>|fflJ&£[E]J&U 
b £2mL/dish&7c 19 © Opti-MEM^H® Lfc Q $&lk&$r 3 Hlgfe "9 LfcfL 
7 4 h fc-fc © * £LLC-MK2/F7/M62/Alcl ^^i^Va^U 40 ji g/mL© 
AraC N 7. 5 m g/mLOTrypsin&U^OU/mLtfHype IV collagenase (ICN, Aurola, OH 
) £^(pSeV(TDK)/Fctl4(MMP#6)/Linker/HN AM-GFP©^trypsin©^-)ik^^ 
^]|:ft^MM£^32^Tig#LTt (Pi) . 3 ~ 1 4 5 «*±tff©-£&& t •? > 
grfc UfcLLC-MK2/F7/M62/Afc^ £ ii\ 40 g/mL© AraC, 7. 5 a g/mL©Try 

psinK.T>*50U/mL<Dtype IV collagenase &-a^(pSeV (TDK) /Fctl4 (MMP#6) /Linker/H 
N AM-GFP^D^trypsin©^)JfiL^f^^^V^MEM^^V^32 < CT^*L^ (P2) B 
3~1 4 B^tffTt^SLfcLLC-MKi^^/A^S^ii^^*. 7.5Mg/mL©Tr 
ypsin&tfSOU/mLOtype IV collagenase (pSeV (TDK) /Fctl4(MMP#6) /Linker 
/HN AM-GFP©^trypsin©^) jfo.i*«r£* ^MEM^ffl V^32°CT' 3 ~ 7 S ffltiftt 

Lfc (P3) 0 muvtc^m±m\m^n^^^^^k^mML-Box:\ l z.xu 
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#Uh 0 «#*-f/i';*fc£r#*U *<0&O£MRXfiri vitro^»Lfd e 

£Lh©«fc5fcs F3eWH8«4fc$rPLGMrS <gB&m& : 61) ^fcPQGWS (B2#l# 
^-:62) }il L^hSeV/F(MMP#6) AM~GFP N cytoplasmic domain &28T5: /^$JofcS 
eV(TDK)/Fctl4(MMP#6) AM-GFP, *3 JzOT/HN©^ 7 * 5"<* ^r^LfcSeV(TDK) 
/Fctl4(MMP#6) /Linker/HN A M-GFP©f^RlC^teSb U7c» 

3 3 T*mt l>tc V 4 ^©tetBSrWHSfcfc. OT© i 9 tMMP2*3 £t*M 
MP9©^31*©^ 9 fetffcfifcfcllP^SflMftffi £ft&V ^LLCMK2-^$* 
jtoJ&BtefB&ajSLfc (04 7) o (HT1080, U87MG, A172, U251, SW 

480, LLCMK2) *-^-3fe«t ?)t&^5^fc*ttlT?24well plate^confluent left 5 i 
5(d*VNfCo U87MG (ATCC NO. HTB-14), A172 (ATCC No. CRL-1620) teATCCcJ: •? 
iAUfc. U251 (IF050288) fiJCRB cell bank £9^ALfc 0 MHflSifiT? 2 Wfc 
¥Nts "ttl?tl(DM%L&m±y<?4 fr*^? (SeV/AM-GFP) SrM0I=0. IT? 
m^^-tc 0 MUX* l$?mikm&. MEM^i&Tife&U O.5 ml©l%FBSm;tJ[!MEM£24 
well plate(3lj!jp^fc 0 48B#TO#^ S !9i*ftW*©100fl3F^»fcfcO (0. 3 cm 2 )© 
jftg- bfc^y Vf" V^Y Vtc 0 t> U < (Paraformaldehyde^^ 

LT2B#ffl@£MS£*Tftofc^ 70%^.^y-/K 55»ematox 
ylinSfeft*ffV\ TkftSU i/y^l?ASr^LTV^50.3 cm 2 S/c«? ©^©ifc£• 
# ? :/ h tfc 0 4 9 (£^ tfCo 

MMP2,9©3g^(iH2i0!|2 2T?frofcgelatin zymographyfc <t o XVkfr#>1t (H 
4 8) o ^©3fe*. HT1080, U87MG, A172-CMMP2©^W«$^c 0 J=fcU251fc 
SW480TH6V WiOM^ftl * tl/fdo LLCMK2-CMMP2©B^ £> 5 £ 5 fc^*. 3 © 

mMf3r£A/-ev>6;fc#\ jfc^©MMP2©Stfe&M!,£TV^ 0 ^tbm©^ 
«(;^§»2B^ GFP^JKiSUSra^Ufco «M©SeV/F(MMP#2) 
AM-GFP"T?ttX6*Sfe3&^ofcU251, SW480(£:}3V^&&SF&^M^£:§!i?^y * 
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(SeV(TDK)/Fctl4(MMP#6)/Linker/HNAM-GFP) 
il5J:5fc*ofc 0 ^-^Tftt^Sfcl^ -rtxmSberis lung carcinoma, 
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1. ^y^pyVJ^^tfJ^WPrthoX, (a) M^SCSr^- K1"5M 
3^l£fcte^LT*5*?, (b) ^iFieftfcot, g^6«©§!» 

o 

2. r>^;v^wT'fc^, m^iKWMom&fco 

7. ^Pf7- tffcJ:o"CHi«**L5E3F!IA*x Pro-Leu-Gly, Pro-Gln-Gly, * 
fcf±Val-Gly-Arg<HM>* M#g 1 j&»6> 6 ©V^ *U&>fcfB*<&1!*'£#o 

LTV^ S3^g li»b7 <DVvf tlfr\ZjRMt<D®&ft 0 
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10. /<7$?yt7j/l'X<DtfSJ>mrt1b<>X^ (a) MBS**:*"— 

) m±^nm\^^x^^ ^n^(Dm^^MKi&r^tciim^xii'o . ( 

3) g^n^T-i? ^^/^RNA^-T^^-r^^^A 

a) y<v^^^^4/v^(Dm^mm&M^^-t?>n^^x, i^7?^ 

o 

11. Wt^<Df; ARNA-efcoT, (a) #:##J^£r%-f 
6ff£:n>- KU (b) »F^e®T^oi:, ^meK©M»^[(DiBW 

, m±m¥m^w^m^^zfn^7-^Kx^xm^^MnKn^^ 

Me^^r^-K-r^^V ARNA^-r^^^^^-efeoT, (1) ^ElM/V* 
^^A^^fc«rtT^VARNA?rMi-6^^U (2) ££rt£S5 
^V^T^^/^»0^^^it^T^fc(i^UT^>9, (3) f/pf 

(i) ^M^m^eK^fF^^T, mft^^y^y^/^oN. P. 
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o 

12. JM (i) *&C&TVft$ % Mtli 0*fcttl lfcUto^ft, 

13. (i) ~ (ii) ©/J>fc< t^VN-f^©NF^!fc43V^^gfe^FgSir^ 
HS**5yBf7- ^Sr#aE$*Si\ £>3^fiXg (ii) tefcVvrHUfcSft 

14. Xg (i) fcfeV>TR#Bjart"C/'«7$^y^^©|f^i!FaSW*3S5i 

s*x xm a) ~ (ii) <D'j>%< b^rtifr<D$?n\mm£.MFs&nzmm 

tS^pfr- t?«r#fiE3i*:*a\ fcs^taxm (ii) fcfci^rieiJteStifcSM' 
16. $ ^ y 'J'^/Wiaf ©M6f ffcot, mmumz?ro-ien~<ii 

Y, Pro-Gln-Gly, SfcttVal-Gly-ArgSrg-^ i> h ]) $ u^uTT^ -fef* 

So 

2 0. fifcfcgfi 9fcfB«<0tt£a6«-C*>oT, «M*©WS^©E?iJ# N 
6Sf 0 



WO 03/093476 



124 



PCT/JP03/05528 



2 1 . 1 9 Kmk<Dw&mz=*- v-tzmwL 

2 2 . M$g 2 l fclB*^W«r&«><* 
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1/4 9 

Hi 1 




Nael8056 
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<210> 14 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 14 

ctcctgctcg aacagccctc ctcaccgtaa t 



31 
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<210> 15 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 15 

ggggcaatca ccatatccaa gatcccaaag acc 33 

<210> 16 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 16 

ggtctttggg atcttggata tggtgattgc ccc 



33 



WO 03/093476 



10/55 



PCT/JP03/05528 



<210> 17 

<211> 37 
<212> DNA 
<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 17 

catgctctgt ggtgacaacc cggactaggg gttatca 37 



<210> 18 

<211> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 18 

tgataacccc tagtccgggt tgtcaccaca gagcatg 



37 
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<210> 19 

<211> 41 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 19 

cttgtctaga ccaggaaatg aagagtgcaa ttggtacaat a 41 

<210> 20 

<211> 41 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 20 

tattgtacca attgcactct tcatttcctg gtctagacaa g 



41 
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<210> 21 

<211> 14 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for immunization 

<400> 21 

Met Ala Asp He Tyr Arg Phe Pro Lys Phe Ser Tyr Glu Cys 
1 5 10 



<210> 22 

<211> 13 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for immunization 

<400> 22 

Leu Arg Thr Gly Pro Asp Lys Lys Ala He Pro His Cys 
1 5 10 
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<210> 23 

<211> 14 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for immunization 

<400> 23 

Cys Asn Val Val Ala Lys Asn He Gly Arg He Arg Lys Leu 
1 5 10 

<210> 24 

<211> 48 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 24 

agagtcactg accaactaga tcgtgcacga ggcatcctac catcctca 



48 
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<210> 25 

<211> 48 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 25 

tgaggatggt aggatgcctc gtgcacgatc tagttggtca gtgactct 48 

<210> 26 

<211> 55 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for amplifing hygromycin 
resistant gene 

<400> 26 

tctcgagtcg ctcggtacga tgaaaaagcc tgaactcacc gcgacgtctg tcgag 55 
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<210> 27 

<211> 83 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for amplifing hygromycin 
resistant gene 

<400> 27 

aatgcatgat cagtaaatta caatgaacat cgaaccccag agtcccgcct attcctttgc 60 
cctcggacga gtgctggggc gtc oo 



<210> 28 

<211> 22 

<212> DNA 

<213> Artificial 



<220> 

<223> artificially synthesized sequence derived from Sendai virus 



<400> 28 

ccaatctacc atcagcatca gc 



22 



WO 03/093476 PCT/JP03/05528 
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<210> 29 

<211> 21 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 
<400> 29 

ttcccttcat cgactatgac c 

<210> 30 

<211> 22 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 



<400> 30 

agagaacaag actaaggcta cc 



22 
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<210> 31 

<211> 6 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for proteolotic cleavage 

<400> 31 

Pro Leu Gly Leu Gly Leu 
1 5 

<210> 32 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 32 . 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggcat gacgagtttc ttcggtgctg 60 
tgattggtac tatc 74 
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<210> 33 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 33 

gatagtacca atcacagcac cgaagaaact cgtcatgcca agaggggcat tttgtgtcgt 60 
atcattggtg acag 74 



<210> 34 

<211> 75 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 34 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggcct ggggttattc ttcggtgctg 60 



WO 03/093476 PCT/JP03/05528 
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tgattggtac tatcg 75 



<210> 35 

<211> 75 

<212> DNA 

<213> Artificial 



<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 35 

cgatagtacc aatcacagca ccgaagaata accccaggcc aagaggggca ttttgtgtcg 60 
tatcattggt gacag 75 



<210> 36 

<211> 45 

<212> DNA 

<213> Artificial 



<220> 
<223> 



artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 
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<400> 36 

caaaatgccg gtgctccccc gttgggattc ttcggtgctg tgatt 45 

<210> 37 

<211> 45 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 37 

aatcacagca ccgaagaatc ccaacggggg agcaccggca ttttg 45 

<210> 38 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 
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<400> 38 

gacacaaaat gccggtgctc ccgtggggag attcttcggt gctgtgattg 50 



<210> 39 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 39 

caatcacagc accgaagaat ctccccacgg gagcaccggc attttgtgtc 50 



<210> 40 

<211> 11 

<212> PRT 

<213> Artificial 



<220> 
<223> 



artificially synthesized sequence derived from F protein of 
Sendai virus 
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<400> 40 

Gly Val Pro Gin Ser Arg Phe Phe Gly Ala Val 
1 5 10 



<210> 41 

<211> 13 

<212> PRT 

<213> Artificial 



<220> 

<223> artificially synthesized sequence derived from mutagenized F 
protein of Sendai virus 



<400> 41 

Gly Val Pro Leu Gly Met Thr Ser Phe Phe Gly Ala Val 
1 5 10 



<210> 42 

<211> 13 

<212> PRT 

<213> Artificial 



<220> 
<223> 



artificially synthesized sequence derived from mutagenized F 
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protein of Sendai virus 
<400> 42 

Gly Val Pro Leu Gly Leu Gly Leu Phe Phe Gly Ala Val 
1 5 10 

<210> 43 

<211> 10 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from mutagenized F 
protein of Sendai virus 

<400> 43 

Gly Val Pro Leu Gly Phe Phe Gly Ala Val 
1 5 10 

<210> 44 

<211> 11 

<212> PRT 

<213> Artificial 
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<220> 

<223> artificially synthesized sequence derived from mutagenized F 
protein of Sendai virus 

<400> 44 

Gly Val Pro Val Gly Arg Phe Phe Gly Ala Val 
1 5 10 



<210> 45 

<2U> 16 

<212> PRT 

<213> Artificial 

<220> 

<223> amphiphilic alpha-helix domain of Sendai virus 
<400> 45 

Lys Ala Cys Thr Asp Leu Arg He Thr Val Arg Arg Thr Val Arg Ala 
15 10 15 



<210> 
<211> 
<212> 



46 
8 

PRT 
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<213> Artificial 
<220> 

<223> a synthetic polypeptide 
<400> 46 

Phe Phe Gly Ala Val He Gly Thr 
1 5 



<210> 47 

<211> 13 

<212> PRT 

<213> Artificial 

<220> 

<223> a synthetic polypeptide 

<400> 47 

Glu Ala Arg Glu Ala Lys Arg Asp He Ala Leu He Lys 
1 5 10 



<210> 48 
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<211> 13 
<212> PRT 
<213> ' Artificial 

<220> 

<223> a synthetic polypeptide 
<400> 48 

Cys Gly Thr Gly Arg Arg Pro He Ser Gin Asp Arg Ser 
1 5 10 

<210> 49 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 
<400> 49 

ccgctcgagc atgacagcat atatccagag a 31 



<210> 50 
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<211> 40 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 

<400> 50 

atagtttagc ggccgctcat ctgatcttcg gctctaatgt 40 

<210> 51 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 

<400> 51 

ccgctcgagc atgacagcat atatccagag a 31 



<210> 52 
<211> 40 
<212> DNA 
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<213> Artificial 
<220> 

<223> a synthetic primer 

<400> 52 

atagtttagc ggccgctcac cttctgagtc tataaagcac 

<210> 53 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 

<400> 53 

ccgctcgagc atgacagcat atatccagag a 

<210> 54 

<211> 40 

<212> DNA 

<213> Artificial 
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<220> 

<223> a synthetic primer 

<400> 54 

atagtttagc ggccgctcac cttctgagtc tataaagcac 40 

<210> 55 

' <211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer, F-F 

<400> 55 

atccgaattc agttcaatga cagcatatat ccagag 36 

<210> 56 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> Fctl4-a synthetic primer, Fctl4-R 
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<400> 56 

atccgcggcc gccggtcatc tggattaccc attagc 36 



<210> 57 

<211> 152 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer, Linker-HN-F 
<400> 57 

atccgcggcc gcaatcgagg gaaggtggtc tgagttaaaa atcaggagca acgacggagg 60 
tgaaggacca gaggacgcca acgacccacg gggaaagggg tgaacacatc catatccagc 120 
catctctacc tgtttatgga cagagggtta gg 152 



<210> 58 

<211> 33 

<212> DMA. 

<213> Artificial 
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<220> 

<223> a synthetic primer, HN-R 

<400> 58 

atccgcggcc gcttaagact cggccttgca taa 

<210> 59 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 

<400> 59 

atccgcggcc gcaatggatg gtgatagggg ca 

<210> 60 

<211> 30 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 
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<400> 60 

atccgcggcc gcttaagact cggccttgca 30 

<210> 61 

<211> 6 

<212> PRT 

<213> Artificial 

<220> 

<223> MMP cleavage sequence 
<400> 61 

Pro Leu Gly Met Thr Ser 
1 5 



<210> 62 

<211> 6 

<212> PRT 

<213> Artificial 



<220> 
<223> 



MMP cleavage sequence 
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<400> 62 

Pro Gin Gly Met Thr Ser 
1 5 



<210> 63 

<211> 6 

<212> PRT 

<213> Artificial 

<220> 

<223> MMP cleavage sequence 

<400> 63 

Pro Gin Gly Leu Tyr Ala 
1 5 



<210> 64 

<211> 75 

<212> DNA 

<213> Artificial 
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<220> 

<223> a synthetic oligonucleotide used for mutagenesis 



<400> 64 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggcct ggggttattc ttcggtgctg 60 



tgattggtac tatcg 



<210> 65 

<211> 75 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 65 

cgatagtacc aatcacagca ccgaagaata accccaggcc aagaggggca ttttgtgtcg 60 
tatcattggt gacag 75 



<210> 66 
<211> 74 
<212> DNA 
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<213> Artificial 
<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 66 

ctgtcaccaa tgatacgaca caaaatgccc ctcagggctt gtatgctttc ttcggtgctg 
tgattggtac tatc 



<210> 67 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 67 

gatagtacca atcacagcac cgaagaaagc atacaagccc tgaggggcat tttgtgtcgt 
atcattggtg acag 



<210> 68 
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<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 68 

ctgtcaccaa tgatacgaca caaaatgccc ctcaaggcat gacgagtttc ttcggtgctg 
tgattggtac tatc 



<210> 69 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 69 

gatagtacca atcacagcac cgaagaaact cgtcatgcct tgaggggcat tttgtgtcgt 
atcattggtg acag 
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<210> 70 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 70 

ctgtcaccaa tgatacgaca caaaatgccc ttgcttacta tacggctttc ttcggtgctg 
tgattggtac tatc 

<210> 71 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 71 

gatagtacca atcacagcac cgaagaaagc cgtatagtaa gcaagggcat tttgtgtcgt 
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atcattggtg acag 

<210> 72 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 72 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggctt ggcgagattc ttcggtgctg 
tgattggtac tatc 

<210> 73 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 73 



WO 03/093476 



39/55 



PCT/JP03/05528 



gatagtacca atcacagcac cgaagaatct cgccaagcca agaggggcat tttgtgtcgt 
atcattggtg acag 

<210> 74 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 74 

cttcggtgct gtgattgcta ctatcgcact tgcagtggcg acatcagcac 

<210> 75 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 75 



WO 03/093476 PCT/JP03/05528 
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gtgctgatgt cgccactgca agtgcgatag tagcaatcac agcaccgaag 50 



<210> 76 

<211> 49 

<212> PRT 

<213> Artificial 

<220> 

<223> a partial sequence of Sendai virus F protein 
<400> 76 

Val He Val He Val Leu Tyr Arg Leu Lys Arg Ser Met Leu Met Gly 
15 10 15 

Asn Pro Asp Asp Arg He Pro Arg Asp Thr Tyr Thr Leu Glu Pro Lys 
20 25 30 

He Arg His Met Tyr Thr Lys Gly Gly Phe Asp Ala Met Ala Glu Lys 
35 40 45 



Arg 
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<210> 77 

<211> 34 

<212> PRT 

<213> Artificial 

<220> 

<223> a partial sequence of Sendai virus F protein 
<400> 77 

Val He Val He Val Leu Tyr Arg Leu Lys Arg Ser Met Leu Met Gly 
15 10 15 

Asn Pro Asp Asp Arg He Pro Arg Asp Thr Tyr Thr Leu Glu Pro Lys 
20 25 30 

He Arg 



<210> 78 

<211> 21 

<212> PRT 

<213> Artificial 



<220> 
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<223> a partial sequence of Sendai virus F protein 
<400> 78 

Val He Val He Val Leu Tyr Arg Leu Lys Arg Ser Met Leu Met Gly 
1 5 10 15 

Asn Pro Asp Asp Arg 
20 



<210> 79 

<211> 11 

<212> PRT 

<213> Artificial 

<220> 

<223> a partial sequence of Sendai virus F protein 

<400> 79 

Val He Val He Val Leu Tyr Arg Leu Lys Arg 
1 5 10 



<210> 80 
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<211> 50- 
<212> PRT 
<213> Artificial 

<220> 

<223> a linker sequence 
<400> 80 

Ala Ala Ala He Glu Gly Arg Trp Ser Glu Leu Lys He Arg Ser Asn 
15 10 15 

Asp Gly Gly Glu Gly Pro Glu Asp Ala Asn Asp Pro Arg Gly Lys Gly 
20 25 30 

Val Gin His He His He Gin Pro Ser Leu Pro Val Tyr Gly Gin Arg 
35 40 45 

Val Arg 
50 

<210> 81 ' 
<211> 12 
<212> PRT 
<213> Artificial 



WO 03/093476 
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<220> 

<223> F protein cleavage site 
<400> 81 

Ala Gly Val Pro Gin Ser Arg Phe Phe Gly Ala Val 
1 5 10 

<210> 82 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 82 

Ala Pro Leu Gly Leu Trp Ala Phe Phe Gly Ala Val 
1 5 10 



<210> 83 
<211> 12 
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<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 83 

Ala Pro Leu Gly Met Thr Ser Phe Phe Gly Ala Val 
1 5 10 

<210> 84 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 84 



Ala Pro Leu Gly Leu Gly Leu Phe Phe Gly Ala Val 
1 5 10 



WO 03/093476 



46/55 



<210> 85 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 85 

Ala Gly Val Pro Pro Leu Gly Phe Phe Gly Ala Val 
1 5 10 



<210> 86 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 86 

Ala Pro Gin Gly Leu Tyr Ala Phe Phe Gly Ala Val 
1 5 10 
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<210> 87 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 87 

Ala Pro Gin Gly Met Thr Ser Phe Phe Gly Ala Val 
15 10 

<210> 88 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 



<400> 88 
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Ala Leu Ala Tyr Tyr Thr Arg Phe Phe Gly Ala Val 

1 5 10 

<210> 89 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 89 

Ala Pro Leu Gly Leu Ala Arg Phe Phe Gly Ala Val 

1 5 10 

<210> 90 

<211> 23 

<212> PRT 

<213> Artificial 



<220> 
<223> 



F protein cleavage site 
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<400> 90 

Gin Ser Arg Phe Phe Gly Ala Val He Gly Thr He Ala Leu Gly Val 
15 10 15 

Ala Thr Ser Ala Gin He Thr 
20 



<210> 91 

<211> 26 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 91 

Pro Leu Gly Met Thr Ser Phe Phe Gly Ala Val He Gly Thr He Ala 
15 10 15 



Leu Gly Val Ala Thr Ser Ala Gin He Thr 
20 25 
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<210> 92 

<211> 26 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 92 

Pro Gin Gly Met Thr Ser Phe Phe Gly Ala Val He Gly Thr He Ala 
1 5 10 15 

Leu Gly Val Ala Thr Ser Ala Gin He Thr 
20 25 

<210> 93 
<211> 26 
<212> PRT 
<213> Artificial 

<220> 

<223> F protein cleavage site 



<400> 



93 
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Pro Gin Gly Met Thr Ser Phe. Phe Gly Ala Val He Ala Thr He Ala 
1 5 10 15 

Leu Ala Val Ala Thr Ser Ala Gin He Thr 
20 25 



<210> 94 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 

<400> 94 

atccgctagc ccgtacggcc atggtgagca ag 

<210> 95 

<211> 72 

<212> DNA 

<213> Artificial 



<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 95 

atccgcgcgc ccgtacgatg aactttcacc ctaagttttt cttactacgg agctttactt 60 
gtacagctcg tc 72 

<210> 96 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 
<400> 96 

atccacgcgt catgacagca tatatccaga g 31 

<210> 97 

<211> 66 

<212> DNA 

<213> Artificial 

<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 97 

atccgtcgac acgatgaact ttcaccctaa gtttttctta ctactttaac ggtcatctgg 
attacc 

<210> 98 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 
<400> 98 

atccgctagc ccgtacggcc atggtgagca ag 

<210> 99 

<211> 72 

<212> DNA 

<213> Artificial 



<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 99 

atccgctagc ccgtacgatg aactttcacc ctaagttttt cttactacgg agctttactt 60 
gtacagctcg tc 72 

<210> 100 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 
<400> 100 

atccgctagc agttcaatga cagcatatat ccagag 3( 

<210> 101 

<211> 67 

<212> DNA 

<213> Artificial 



<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 101 

atccgctagc acgatgaact ttcaccctaa gtttttctta ctacttttaa gactcggcct 60 
tgcataa ^ 
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DESCRIPTION 

VECTORS WITH MODIFIED PROTEASE-DEPENDENT TROPISM 

5 Technical Field 

The present invention relates to cell fusion vectors with 
modified protease-dependent tropism, and methods for producing the 
same . The vectors of this invention are useful as gene therapy vectors 
that show cancer-specific infection. 

10 

Background Art 

Development of gene therapy for cancer has been advancing in 
recent years. Hitherto, the present inventors have developed gene 
therapy vectors using the Sendai virus (SeV) . SeV is a virus of the 

15 paramyxovirus family and belongs to a group of viruses comprising 
nonsegmented negative strand RNA as its genome. Paramyxoviral 
vectors enable high transfection rate and overexpression of foreign 
genes, and are expected to serve as gene therapy vectors for cancer. 
To date, a number of cancer therapies using paramyxovirus have been 

20 performed. For example, BHK21 cells infected with Mumps virus were 
observed to show anti-tumor effects in tumor-bearing nude mice (Minato, 
N. etal., J. Exp. Med. 149, 1117-1133, 1979). Similarly, antitumor 
effects have been reported in other paramyxoviruses. Recently, the 
antitumor effects of fusogenic proteins are attracting attention. 

25 Galanis et al. reported that cancer cells infected with an adenoviral 
vector that carries the F and HN proteins of measles virus form 
syncytia, resulting in antitumor effects in vivo (Galanis, E. et al., 
Hum. Gene Ther. 12, 811-821, 2001) . 

Needless to say, cancer that does not metastasize can be treated 

30 by surgically removing that portion, and metastatic cancer and 
malignant cancer are considered synonymous . Infiltrating metastatic 
cancers are known to overexpress matrix metalloprotease (MMP) and/or 
plasminogen activators (uPA, tPA) (Cox, G. , and 0' Byrne, K.J., 
Anticancer Res. 21, 4207-4219, 2001; Andreasen, P. A. et al., Cell 

35 Mol. Life. Sci . 57, 25-40, 2000). This overexpression is believed 
to occur due to the fact that infiltration and metastasis become 
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possible only after the surrounding extracellular matrix (ECM) , which 
is an obstacle preventing cell transposition during metastasis and 
infiltration of cancer cells, is degraded through the expression of 
enzymes (MMP, uPA, tPA) that degrade the ECM by cancer. 
5 On the other hand, three problems have been raised regarding 

gene therapies for cancer. Firstly, since the gene transfer 
efficiency into cancer cells is low and gene transfer to the core 
of a solid cancer cannot be easily accomplished, genes cannot be 
transfected to the entire cancer. Accordingly, remaining cancer 

10 cells start to proliferate again, which leads to recurrence. 
Secondly, genes are transfected not only to cancer cells but also 
to normal ■ cells . Toxic genes injure the normal cells, thereby 
resulting in increased side-effects. Thirdly, the occurrence of 
infiltration and metastasis as the cancer becomes malignant is a 

15 problem in all kinds of cancer therapy. To date, a vectors that solves 
these problems has not yet been developed. 

Disclosure of the Invention 

The present invention provides novel cell fusion vectors with 

20 modified protease-dependent tropism which infiltrate into 
surrounding cells only in the presence of a particular protease; and 
methods for producing the same. 

The paramyxovirus family of viruses, which includes Sendai 
virus, comprise two proteins in their envelope. The fusion (F) 

25 protein achieves membrane fusion between the virus and its host cell 
which results in release of nucleocapsids into the cytoplasm. The 
hemagglutinin-neuraminidase (HN) protein has hemagglutinating 
ability and neuraminidase activity, and plays the role of binding 
to a host receptor. The F and HN proteins are also called spike 

30 proteins, as they are displayed on the surface of the viral envelope. 
The matrix (M) protein lines the envelope and gives rigidity to the 
viral particle. The characteristics of the present vectors are such 
that they allow highly efficient gene transfer to a wide variety of 
cells and animal tissues, and accomplish high level of expression 

35 as compared to existing vectors. 

The F protein (F0) does not show cell fusion activity. Its 
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fusion activity is displayed only upon cleavage by a host-derived 
protease, which results in degradation into Fl and F2 . Therefore, 
the proliferation of viruses carrying the wild-type F protein is 
limited to those types of tissues that express a trypsin-like protease 
5 which allows for cleavage of this protein, such as respiratory mucosal 
epithelium. Various studies have been carried out on paramyxoviruses 
regarding modification of the tropism of infection or fusogenicity 
due to modifications of F. In the interest of SeV, a variant 
comprising F that is. cleaved only by a-chymotripsin has been shown 

10 to lose trypsin sensitivity, which, in turn, changes its tropism 
specific to the cleavage sequence of F (Tashiro, M. et al., J. Gen. 
Virol. 73(Pt 6), 1575-1579, 1992). Furthermore, in Newcastle disease 
virus and in Measles virus, it has been shown that the 
syncytium-f orming ability changes in a trypsin-dependent manner due 

15 to the modification of the cleavage sequence of F (Li, Z. et al., 
J. Virol. 72, 3789-3795, 1998; Maisner, A. et al., J. Gen. Virol. 
81, 441-449, 2000) . 

By modifying the cleavage sequence of the F protein as described 
above, vectors may be infected to and proliferated in specific tissues 

20 and such which express a certain protease. However, one of the 
problems with paramyxoviral vectors is the secondary release of 
viruses from cells, which occurs after the vector is introduced into 
a target cell. In a cell infected with replicative viruses, a virion 
is formed and daughter viruses are released. Therefore, viral 

25 particles also spread to sites other than the target tissue. Although 
viral particles comprising wild-type F proteins as described above 
do not show infectivity in the absence of trypsin-like enzymes, viral 
particles themselves are released from cells. For in vivo 
administration, the concern is that a viruses that has spread into 

30 the blood will spread to the entire body. Furthermore, release of 
virus-like particles (VLPs) has been observed from cells transfected 
with F gene-deficient SeV (Li, H.O. et al., J. Virol. 74, 6564-6569, 
2000; WO 00/70055; WO 00/70070) which lacks the replication ability. 
Infection to tissues other than the target tissue and induction of 

35 immune response are of concern with such secondary released particles . 

Accordingly, the present inventors discovered that 
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paramyxovirus lacking the M gene among the viral envelope genes does 
not show particle formation, but does allows for cell fusogenic 
infection through the formation of a syncytium through the fusion 
of infected cells and cells contacting these infected cells (WO 
5 00/09700) . These M-deficient viruses are replicated in transfected 
cells, and are delivered to adjacent cells in the presence of trypsin. 
However, this is a phenomenon that occurs only under conditions where 
F is cleaved and activated. In viruses comprising the wild-type F 
protein, transfer of viruses will not occur under conditions without 

10 trypsin-like proteases . Thus, the present inventors postulated that 
a novel vector which does not produce secondary released particles, 
and which can spread the infection only in a specific tissue, can 
be developed by modifying the tropism of the F protein in this 
M-deficient virus. In particular, many infiltrating metastatic 

15 cancers are known to have enhanced activity of proteases, such as 
MMP, uPA, and tPA, which degrade ECM. Accordingly, the present 
inventors utilized the protease-dependent cell fusogenic infection 
of this M-deficient SeV and the phenomena of overexpression of MMP, 
uPA, and tPA in cancers in combination to prepare SeV vectors that 

20 specifically infect and spread to invasive metastatic cancers. 

An M-deficient virus lacks the M gene needed for particle 
formation. Therefore, viral particles are either not released or are 
extremely suppressed in such a virus. When conventional 
reconstitution methods are used to produce a recombinant virus having 

25 the ability to replicate (Kato, A. et al., Genes Cells 1, 569-579, 
1996) , RNPs of the M-deficient virus can be prepared but infectious 
viral particles are not (WO 00/09700) . When using the M-deficient 
vector as a cancer therapeutic agent, it is extremely useful to prepare 
the M-deficient virus as an infectious viral particle. Therefore, 

30 the present inventors developed novel production methods for 
preparing M-deficient viruses as viral particles. 

To achieve the objective - to construct vectors with suppressed 
VLP release, the present inventors considered the use of 
temperature-sensitive mutations in the viral gene. Mutant viral 

35 strains that can be grown at low but not high temperatures have been 
reported. The present inventors conceived that a mutant protein, 
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particularly a mutant M protein, which suppresses virion formation 
at high temperature , could be used to suppress VLP formation in such 
a way that virus production could be carried out at a low temperature 
(for example, at 32°C), but practical application of the virus, such 
5 as for gene therapy, could be carried out at a higher temperature 
(for example, at 37°C). For this purpose, the present inventors 
constructed a recombinant F gene-deficient Sendai viral vector, which 
encodes mutant M and mutant HN proteins that have in total six 
temperature-sensitive mutations reported in M and HN proteins (three 

10 for M protein, and three for HN protein) . VLP release for this virus 
was tested, and the level was determined to be about 1/10 or less 
of that of the wild-type virus. Further, immunostaining with an 
anti-M antibody was used to analyze M protein subcellular localization 
in cells in which the Sendai virus vector with suppressed VLP release 

15 had been introduced. The results showed that introduction of virus 
with suppressed VLP release significantly reduced M protein 
aggregation on cell surfaces as compared to cells containing the 
introduced wild-type virus. In particular, M protein condensation 
patterns were extremely reduced at a high temperature (38°C) . The 

20 subcellular localization of M and HN proteins in cells infected with 
SeV containing a temperature-sensitive mutant M gene was closely 
examined using a confocal laser microscope. M protein localization 
on cell surfaces was significantly reduced, even at a low temperature 
(32°C), and was observed to have morphology similar to that of a 

25 microtubule. At a high temperature (37°C), the M protein was 
localized on the microtubules near the centrosome, that is, near the 
Golgi body. The addition of a microtubule-depolymerizing agent 
resulted in the disruption of the M protein localization structure. 
This occurred both in SeV comprising the temperature-sensitive M gene 

30 and in SeV comprising the wild-type M gene. This raised the 
possibility that M protein actually functions by localizing along 
microtubules. These findings confirm that the reduced level of 
secondary particle release in the case of viruses having 
temperature-sensitive mutations was due to insufficient 

35 intracellular localization of the M protein, a step believed to play 
a central role in particle formation. Thus, VLP formation can be 
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effectively suppressed by preventing the normal intracellular 
localization of M protein. Furthermore, interaction with 
microtubules may be important for M protein function. For example, 
secondary particle release can be reduced through disruption of M 
5 protein subcellular localization, a step achieved using a gene 
mutation or pharmaceutical agent developed to inhibit M protein 
transport along microtubules from Golgi bodies into the cell. In 
particular, the present inventors found that recombinant viral 
vectors whose particle formation ability had been reduced or 

10 eliminated could be provided by preparing viral vectors comprising 
a mutation leading to defective M protein localization. 

By deleting the M gene from the virus, the present inventors 
constructed a virus in which aggregation of M protein on the cell 
surface is completely suppressed in cells transfected with the virus. 

15 For this purpose, the present inventors constructed helper cells that 
can inducibly express the wild-type M protein that may be used to 
produce M gene-deficient viruses. By using these cells, collection 
of viral particles, in which the RNP of F-modified M gene-deficient 
viruses are enclosed in an envelope comprising the wild-type M protein, 

20 was accomplished for the first time. The methods of the present 
invention enable the production of viral particles at a concentration 
of lx 10 8 PFU/mL or more, and therefore, recombinant viruses sufficient 
for practical use, particularly clinical use, are provided for the 
first time. Furthermore, the virus production system of this 

25 invention avoids the possibility of contamination by other viruses 
and enables the production of highly safe, high-titer vectors for 
gene therapy. A practical F-modified M-deficient paramyxovirus was 
provided for the first time by using the M-deficient SeV production 
system of this invention, which supplies the M protein in trans by 

30 utilizing M-expressing cells. 

The present inventors used infectious viral particles 
constructed as described above and verified the actual antitumor 
effect in vivo. M-deficient virus activated by matrix 

metalloprotease (MMP) , which shows enhanced activity in cancer, was 

35 administered to mice transplanted with cancer cells, and the virus 
was confirmed to spread throughout the cancer tissues via cell 
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fusogenic infection. In cancers to which wild-type virus was 
administered, the virus was limited to the injected site even after 
several days. In contrast, the vector of this invention showed high 
permeability towards cancer tissues, and the vector spread throughout 
5 the entire cancer. The suppressive effect of the present vectors 
against proliferation of cancer was apparent when compared to the 
controls without virus administration or administration of the 
wild-type virus. Vectors targeting MMP-expressing cells have also 
been produced to date using retroviruses (Peng, K.-W. et al., Human 

10 Gene Therapy 8, 729-738, 1997; Peng, K.-W. et al., Gene Therapy 6, 
1552-1557, 1999; Martin, F. et al., J. Virol. 73, 6923-6929, 1999). 
However, they utilize a completely different design for the 
recognition sequence from that of the present invention. Furthermore, 
the objectives of these reports are specific infection of cancer 

15 tissues - that is, only targeting. Thus, vectors that specifically 
(intracellularly) spread infection through cancer tissues are 
provided for the first time by this invention. 

Furthermore, the present inventors succeeded in preparing viral 
particles with uncleaved F protein on the viral surface (F-uncleaved 

20 virus) by controlling the addition of protease during viral particle 
production. As is, these viruses do not have infectivity; however, 
they display specific infectivity upon treatment with a protease that 
cleaves the F protein on the viral surface, or upon addition of the 
viruses to cells in the presence of such protease. Such inducibly 

25 infectious viral vectors enable infection of vectors specifically 
into cancer cells producing a particular protease. 

Moreover, the present inventors successfully employed the 
wild-type F protein in the preparation of a vector comprising a 
modified F gene to develop a method for producing viral particles 

30 utilizing a protease that cleaves the wild-type F protein during 
vector preparation. According to this method, virus amplification 
can be performed using helper cells expressing the wild-type F protein 
and an enzyme, such as trypsin, that cleaves the wild-type F protein. 
The obtained viral particles comprise the cleaved wild-type F protein 

35 in their envelope and have infectivity. However, due to the modified 
F gene, wherein the cleavage site of the F protein is modified encoded 
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by the viral genome, the infection spreads only in the presence of 
a particular protease. This method of preparing viruses using the 
wild-type F protein is advantageous since it allows production of 
viral particles without- depending on the modified F gene to be 
5 integrated into the vector genome. 

As described above, the present invention provides vectors 
whose infection spreads only in the presence of a protease expressed 
in a specific tissue, such as a cancer tissue. The vectors of this 
invention do not produce significant quantities of viral particles 

10 but instead transfer vectors to surrounding cells by cell fusion. 
The vectors of this invention that acquire infectivity by proteases 
whose activity is particularly enhanced in cancers have strong 
suppressive effects toward tumor growth. Thus, gene therapy of 
cancers using these vectors is considered to be extremely effective. 

15 Therefore, the present invention relates to cell fusion vectors 

whose protease-dependent tropism has been modified, and methods for 
producing the same, and such. Specifically, the present invention 
relates to: 

[1] a complex comprising a genomic RNA of paramyxovirus wherein 
20 (a) a nucleic acid encoding an M protein is mutated or deleted, and 
(b) a modified F protein, whose cleavage site sequence is substituted 
with a sequence that can be cleaved by a protease that does not cleave 
the wild-type F protein, is encoded, the complex further comprising 
the following properties: 
25 (1) the ability to replicate the genomic RNA in a cell to which 

the complex has been introduced; 

(2) a significant decrease in or lack of production of viral 
particles in the intrahost environment; and 

(3) the ability to introduce the RNA into a cell that contacts 
30 the cell transfected with the complex in the presence of the protease; 

[2] the complex of [1], which is a viral particle; 
[3] the complex of [2], further comprising the wild-type F 
protein; 

[4] the complex of any one of [1] to [3], wherein the 
35 paramyxovirus is Sendai virus; 

[5] the complex of any one of [1] to [4], wherein the protease 
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is a protease whose activity is enhanced in cancer; 

[6] the complex of any one of [1] to [5], wherein the protease 
is a matrix metalloproteinase or plasminogen activator; 

[7] the complex of any one of [1] to [6], wherein the sequence 
5 cleaved by the protease comprises Pro-Leu^Gly, Pro-Gln-Gly, or 
Val-Gly-Arg; 

[8] the complex of any one of [1] to [7], wherein a cytoplasmic 
domain of the wild-type F protein is partially deleted in the modified 
F protein; 

10 [9] the complex of any one of [1] to [8], wherein the modified 

F protein is fused with an HN protein; 

[10] a method for producing a viral particle which comprises 
a genomic RNA of paramyxovirus wherein (a) a nucleic acid encoding 
an M protein is mutated or deleted, and (b) a modified F protein, 

15 whose cleavage site sequence is substituted with a sequence that can 
be cleaved by a protease that does not cleave the wild-type F protein, 
is encoded; wherein the viral particle: (1) has the ability to 
replicate the genomic RNA in a cell to which the viral particle has 
been introduced; (2) shows a significant decrease in or lack of 

20 production of viral particles in the intrahost environment; and (3) 
has the ability to introduce the genomic RNA into a cell that contacts 
with the cell transfected with the viral particle comprising the 
genomic RNA in the presence of the protease; wherein the method 
comprises the steps of: 

25 (i) amplifying RNP, which comprises the N, P, and L proteins 

of the paramyxovirus and the genomic RNA, in a cell expressing 
wild-type M protein of paramyxovirus; and 

(ii) collecting viral particles released into the cell culture 
supernatant; 

30 [11] a method for producing a viral particle which comprises 

a genomic RNA of paramyxovirus wherein (a) a conditionally mutated 
M protein is encoded, and (b) a modified F protein, whose cleavage 
site sequence is substituted with a sequence that can be cleaved by 
a protease that does not cleave the wild-type F protein, is encoded; 

35 wherein the viral particle: (1) has the ability to replicate the 
genomic RNA in a cell to which the viral particle has been introduced; 
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(2) shows a significant decrease in or lack of production of viral 
particles in the intrahost environment; and (3) has the ability to 
introduce the genomic RNA into a cell that contacts with the cell 
transfected with the viral particle comprising the genomic RNA in 
5 the presence of the protease; wherein the method comprises the steps 
of: 

(i) amplifying RNP, which comprises the N, P, and L proteins 
of the paramyxovirus and the genomic RNA, in cells under permissive 
conditions for the mutant M protein; and 
10 (ii) collecting viral particles released into the cell culture 

supernatant; 

[12] the method of [10] or [11], wherein step (i) is performed 
at 35°C or below; 

[13] the method of [10] or [11], further comprising the step 
15 of presenting the protease that cleaves- the modified F protein during 
at least either of steps (i) or (ii); or the step of treating the 
viral particle collected in step (ii) with the protease; 

[14] the method of [10] or [11], which further comprises the 
steps of expressing the wild-type F protein of paramyxovirus in the 
20 cell during step (i) ; and presenting the protease that cleaves the 
wild-type F protein during at least either of steps (i) or (ii) ; or 
the step of treating the viral particle collected in step (ii) with 
the protease; 

[15] a therapeutic composition for cancer comprising the 
25 complex of [5] and a pharmaceutically acceptable carrier; 

[16] a recombinant modified paramyxoviral F protein comprising 
Pro-Leu-Gly, Pro-Gln-Gly, or Val-Gly-Arg at the cleavage site, and 
showing cell fusogenicity in the presence of matrix metalloproteinase 
or plasminogen activator; 
30 [17] a nucleic acid encoding the protein of [16]; 

[18] a viral particle comprising the protein of [16] or a nucleic 
acid encoding the protein; 

[19] a fusion protein having cell fusogenic activity and 
comprising the transmembrane regions of the paramyxoviral F protein 
35 and HN protein, wherein the proteins are bound to each other on the 
cytoplasmic side; 
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[20] the fusion protein of [19], wherein the sequence of the 
cleavage site of the protein is substituted with a sequence that is 
cleaved by a protease that does not cleave the wild-type F protein; 

[21] a nucleic acid encoding the protein of [19] ; 
5 [22] a vector which comprising the nucleic acid of [21]; and 

[23] a viral particle comprising the protein of [19] or a nucleic 
acid encoding the protein. 

In the present invention, the term "paramyxovirus" refers to 

10 viruses that belong to the family Paramyxoviridae, and to viruses 
derived from them. Paramyxovirus is a virus group characterized by 
a non-segmented negative strand RNA genome, and including the 
subfamily Paramyxovirinae (comprising the genus Paramyxovirus (also 
called the genus Respirovirus , the genus Rubulavirus and the genus 

15 Morbillivirus) , and the subfamily Pneumovirinae ( comprising the genus 
Pneumovirus and the genus Metapneumovirus) . Specifically, 
paramyxoviruses to which the present invention can be applied include 
the Sendai virus, Newcastle disease virus, mumps virus, measles virus, 
RS virus (Respiratory syncytial virus) , rinderpest virus, distemper 

20 virus, simian parainfluenza virus (SV5), and human parainfluenza 
virus type 1, 2, and 3, etc. More specifically, for example, the 
Sendai virus (SeV) , human parainfluenza virus-1 (HPIV-1) , human 
parainfluenza virus-3 (HPIV-3), phocine distemper virus (PDV) , canine 
distemper virus (CDV) , dolphin molbillivirus (DMV) , 

25 peste-des-petits-ruminants virus (PDPR), measles virus (MV) , 
rinderpest virus (RPV) , Hendra virus (Hendra) , Nipah virus (Nipah) , 
human parainfluenza virus-2 (HPIV-2), simian parainfluenza virus 5 
(SV5) , human parainfluenza virus-4a (HPIV-4a) , human parainfluenza 
virus-4b (HPIV-4b) , mumps virus (Mumps) , and Newcastle disease virus 

30 (NDV) are included. More preferably, examples include viruses 
selected from the group consisting of Sendai virus (SeV) , human 
parainfluenza virus-1 (HPIV-1), human parainfluenza virus-3 (HPIV-3), 
phocine distemper virus (PDV), canine distemper virus (CDV), dolphin 
molbillivirus (DMV), peste-des-petits-ruminants virus (PDPR), 

35 measles virus (MV) , rinderpest virus (RPV), Hendra virus (Hendra), 
and Nipah virus (Nipah) . The viruses of the present invention 
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preferably belong to the subfamily Paramyxovirinae (comprising the 
genus Respirovirus, the genus Rubulavirus and the genus 
Morbillivirus) , and more preferably to the genus Respirovirus (also 
called the genus Paramyxovirus) . Examples of viruses of the genus 
5 Respirovirus to which the present invention can be applied include 
human parainfluenza virus type 1 (HPIV-1) , human parainfluenza virus 
type 3 (HPIV-3), bovine parainfluenza virus type 3 (BPIV-3) , Sendai 
virus (also called murine parainfluenza virus type 1) , simian 
parainfluenza virus type 10 (SPIV-10) , etc. The paramyxovirus of the 

10 present invention is most preferably the Sendai virus . These viruses 
maybe derived from natural strains, wild-type strains , mutant strains, 
laboratory-passaged strains, artificially constructed strains, etc. 

The phrases "recombinant protein" and "recombinant virus" refer 
to proteins and viruses produced via recombinant polynucleotides, 

15 respectively. The phrase "recombinant polynucleotide" refers to a 
polynucleotide that is not bonded as in nature. Specifically, 
recombinant polynucleotides comprise polynucleotides whose 
polynucleotide strand has been recombined artificially, and synthetic 
polynucleotides. Recombinant polynucleotides can be produced using 

20 conventional gene recombination methods by combining the processes 
of polynucleotide synthesis, nuclease treatment, ligase treatment, 
and such. Recombinant proteins can be produced by expressing 
recombinant polynucleotides encoding the proteins. Recombinant 
viruses can be produced by the steps of: expressing a polynucleotide 

25 encoding the viral genome, which is constructed by genetic 
engineering; and then reconstituting the virus. 

The term "gene" used herein refers to a genetic substance, which 
includes nucleic acids such as RNA, DNA, etc. In the present invention, 
a nucleic acid encoding a protein is called a protein gene. However, 

30 a gene need not necessarily encode a protein; for example, it may 
encode a functional RNA such as a ribozyme, antisense RNA, etc. A 
gene may have a naturally derived or artificially designed sequence. 
Herein, the term "DNA" encompasses both single-stranded DNA and 
double-stranded DNA. The phrase "encoding a protein" indicates that 

35 a polynucleotide comprises an antisense or sense ORF, which encodes 
a protein amino acid sequence, such that the polynucleotide can be 
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expressed under suitable conditions. 

The present invention provides cell fusion vectors having 
replicative ability whose protease-dependent tropism has been 
modified. In an intrahost environment, such vectors do not release 
5 significant quantities of virus-like particles after transfection 
into cells, and infiltrate into surrounding cells only in the presence 
of a certain protease. Specifically, the vectors of the present 
invention include : 

a complex which comprises a genomic RNA of paramyxovirus wherein 

10 (a) a nucleic acid encoding an M protein is mutated or deleted, and 
wherein (b) a modified F protein, whose cleavage site sequence is 
substituted with a sequence that can be cleaved by a protease that 
does not cleave the wild-type F protein, is encoded, and which 
comprises the following properties: 

15 (1) the ability to replicate the genomic RNA in a cell to which 

the complex has been introduced; 

(2) a significant decrease in or lack of production of viral 
particles in the intrahost environment; and 

(3) the ability to introduce the RNA into a cell that contacts 
20 with the cell transfected with the complex only in the presence of 

the protease. Since such a complex has the function of replicating 
the genomic RNA and transferring it to neighboring cells, it is also 
called a vector in the present invention. The term "vector" refers 
to carriers that transfer nucleic acids into cells. 

25 More specifically, the above complex comprises the genomic RNA 

of paramyxovirus and viral proteins that bind to this RNA. The 
complexes of the present invention can consist of, for example, the 
genomic RNA of paramyxoviruses, and the viral proteins, i.e., the 
ribonucleoprotein (RNP) . RNPs can be introduced into target cells, 

30 for example, in combination with a desired transfection reagent. 
Such RNPs are, more specifically, complexes comprising the genomic 
RNAs of paramyxoviruses , N proteins, P proteins, and L proteins . When 
RNPs are introduced into cells, the viral proteins work to transcribe 
cistrons encoding viral proteins from the genomic RNA; in addition, 

35 the genome itself is replicated and daughter RNPs are produced. 
Replication of the genomic RNA can be confirmed by detecting an 
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increase in RNA copy number using RT-PCR, Northern hybridization, 
or such. 

More preferably, the above-described complex is a virus 
particle of a paramyxovirus. The phrase "virus particle" refers 
5 to a nucleic-acid-containing minute particle that is released from 
a cell by the action of viral proteins. Virus particles can take 
various forms, e.g., that of spheres or rods, depending on the viral 
species. They are significantly smaller than cells, generally in the 
range of about 10 nm to about 800 nm. Paramyxovirus viral particles 

10 are structured such that the above-mentioned RNP comprises" the genomic 
RNA and viral proteins, and is enclosed by a lipid membrane, (or 
envelope) derived from the cell membrane. The viral particles may 
or may not show infectivity {infra) . For example, some viral 
particles do not show infectivity as they are, but acquire infectivity 

15 upon specific treatment. 

The phrase "genomic RNA of paramyxovirus" refers to RNA that 
has the ability to form RNP with proteins of paramyxovirus and express 
genes from the genome using these proteins to replicate the nucleic 
acids and form daughter RNPs . The paramyxovirus has as its genome 

20 a negative single-stranded RNA, a kind of RNA that encodes genes in 
the antisense mode. In general, paramyxovirus genomes comprise viral 
genes in antisense series between the 3' -leader region and the 
5 '-trailer region. Between the open reading frames (ORFs) for each 
gene, a series of sequences is present: a transcription termination 

25 sequence (E sequence), an intervening sequence (I sequence), and a 
transcription initiation sequence (S sequence) . Thus, the RNA 
encoding each gene's ORF is transcribed as a separate cistron. 
Genomic RNAs included in the vectors of this invention encode (in 
antisense mode) nucleocapsid (N) , phosphor (P), and large (L) proteins. 

30 These proteins are necessary for the expression of genes encoded by 
the RNAs, and for autonomous replication of the RNA themselves. 
Furthermore, the RNAs encode the fusion (F) protein, which induces 
cell membrane fusion necessary for spreading the RNA to neighboring 
cells, in an antisense orientation. Preferably, the genomic RNAs 

35 further encode the hemagglutinin-neuraminidase (HN or H) protein in 
an antisense orientation. However, in certain cells, the HN protein 
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is not necessary for infection (Markwell, M.A. et al . , Proc. Natl. 
Acad. Sci. USA 82(4), 978-982, 1985) and infection is accomplished 
with the F protein alone. Furthermore, vectors can be infected to 
cells by using proteins other than HN that binds to cells, combined 
5 with the F protein. Therefore, the vectors of this invention can be 
constructed using genomic RNAs that do not encode the HN gene. 

Genes of viruses belonging to the subfamily Paramyxovirinae are 
represented in general as below: The N gene is also generally 
described as the "NP". 



Genus 


Respirovirus 


NP 


P/C/V 


M 


F 


HN 


L 


Genus 


Rubulavirus 


NP 


P/V 
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HN 


(SH) L 


Genus 


Morbillivirus 


NP 


P/C/V 


M 


F 


H 


L 



For example, database accession numbers for nucleotide 
sequences of Sendai virus genes classified as Respiroviruses within 
the Paramyxoviridae family are: M29343, M30202, M30203, M30204, 

15 M51331, M55565, M69046 and X17218 for the NP gene; M30202, M30203, 
M30204, M55565, M69046, X00583, X17007 and X17008 for the P gene; 
D11446, K02742, M30202, M30203, M30204, M69046, U31956, X00584 and 
X53056 for the M gene; D00152, D11446, D17334, D17335, M30202, M30203, 
M30204, M69046, X00152 and X02131 for the F gene; D26475, M12397, 

20 M30202, M30203, M30204, M69046, X00586, X02808 and X56131 for the 
HN gene; and D00053, M30202, M30203, M30204, M69040, X00587 and X58886 
for the L gene. Accession numbers for virus genes encoded by 
additional viruses are exemplified below: AF014953 (CDV) , X75961 
(DMV) , D01070 (HPIV-1), M55320 (HPIV-2), D10025 (HPIV-3), X85128 

25 (Mapuera), D86172 (Mumps), K01711 (MV) , AF064091 (NDV) , X74443 (PDPR) , 
X75717 (PDV), X68311 (RPV) , X00087 (SeV) , M81442 (SV5) , and AF079780 
(Tupaia) for N gene; X51869 (CDV), Z47758 (DMV), M74081 (HPIV-1), 
X04721 (HPIV-3), M55975 (HPIV-4a) , M55976 (HPIV-4b) , D86173 (Mumps), 
M89920 (MV), M20302 (NDV), X75960 (PDV), X68311 (RPV), M30202 (SeV), 

30 AF052755 (SV5) , and AF079780 (Tupaia) for P gene; AF014953 (CDV), 
Z47758 (DMV), M74081 (HPIV-1), D00047 (HPIV-3), AB016162 (MV) , X68311 
(RPV) , AB005796 (SeV), andAF079780 (Tupaia) for C gene; M12669 (CDV), 
Z30087 (DMV), S38067 (HPIV-1), M62734 (HPIV-2), D00130 (HPIV-3), 
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D10241 (HPIV-4a), D10242 (HPIV-4b) , D86171 (Mumps), AB012948 (MV) , 
AF089819 (NDV) , Z47977 (PDPR) , X75717 (PDV) , M34018 (RPV) , U31956 
(SeV), and M32248 (SV5) for M gene; M21849 (CDV) , AJ224704 (DMV), 
M22347 (HPN-1), M60182 (HPIV-2), X05303 (HPIV-3), D49821 (HPIV-4a) , 
5 D49822 (HPIV-4b) , D86169 (Mumps), AB003178 (MV) , AF048763 (NDV), 
Z37017 (PDPR), AJ224706 (PDV), M21514 (RPV), D17334 (SeV), and 
AB021962 (SV5) for F gene; AF112189 (CDV), AJ224705 (DMV), U709498 
(HPIV-1), D000865 (HPIV-2), AB012132 (HPIV-3), M34033 (HPIV-4A) , 
AB006954 (HPIV-4B) , X99040 (Mumps), K01711 (MV) , AF204872 (NDV), 

10 Z81358 (PDPR), Z36979 (PDV), AF132934 (RPV), U06433 (SeV), and S76876 
(SV-5) for HN (H or G) gene. More than one strain is known for each 
of the viral species, and genes comprising sequences other than those 
shown above may exist depending on different strains. 

The ORFs of these viral proteins are positioned in an antisense 

15 orientation via the above-described E-I-S sequence on the genomic 
RNA. On the genomic RNA, the ORF closest to the 3' -end requires only 
the S sequence between the 3' -leader region and the ORF, and not the 
E and I sequences. On the other hand, the ORF closest to the 5' -end 
on the genomic RNA requires only the E sequence between the 5' -trailer 

20 region and the ORF, and not the I and S sequences. Two ORFs can be 
transcribed as the same cistron using sequences such as IRES. In such 
cases, the E-I-S sequence is not necessary between these two ORFs. 
In the wild-type paramyxovirus, a typical RNA genome has a 3' -leader 
region followed by a sequence of six ORFs encoding the N, P, M, F, 

25 HN, and L proteins in this order in antisense orientation, followed 
by a 5' -trailer region at the other end. On the genomic RNAs of this 
invention, the configuration of the viral gene is not limited thereto; 
however, it is preferred to localize behind the 3' leader region the 
ORFs encoding the N, P, (M, ) F, HN, and L proteins in this order followed 

30 by a 5' -trailer region similar to the wild-type virus. In a certain 
type of paramyxovirus, the number of viral genes is not six. However, 
even in such cases, each viral gene can be positioned similarly to 
the wild-type as described above, or they can be appropriately changed 
The ORF of the M protein will be described later. However, according 

35 to one embodiment of the vectors of this invention, the ORF may be 
excluded or may encode a mutant M protein. Furthermore, in another 
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embodiment of the vector of this invention, the cleavage site of the 
F protein encoded by the genome is modified to a sequence that is 
cleaved by a protease that does not cleave the wild-type F protein 
(infra) . The genomic RNA of this invention may also encode one or 
5 more foreign genes. Any objective gene desired to be expressed in 
a target cell can be used as the foreign gene. The foreign gene is 
preferably inserted at sites in the noncoding region of the genome. 
For example, it may be inserted between the 3' -leader region and viral 
protein ORF closest to the 3' -end, between each of the viral protein 

10 ORFs, and/or between the viral protein ORF closest to the 5' -end and 
the 5' -trailer region. In an M gene-deficient genome, insertion can 
be made in the deficient region. When transferring a foreign gene 
to a paramyxovirus, preferably, the polynucleotide of the insertion 
fragment placed into the genome has a chain length that is a multiple 

15 of 6 (Journal of Virology 67 (8) , 4822-4830, 1993). The E-I-S sequence 
is placed between the inserted foreign gene and the viral ORF. 
Alternatively, the foreign gene may be inserted via IRES. 

The expression level of the foreign gene can be adjusted by the 
type of transcription initiation sequence added upstream of the gene 

20 (the 3' -side of the negative strand) (WO 01/18223) . Furthermore, the 
expression level can be regulated depending on the insertion position 
of the foreign gene in the genome. The closer the foreign gene is 
to the 3' -end of the negative strand, the higher the expression level 
of the foreign gene will be; similarly, the closer the foreign gene 

25 is to the 5' -end, the lower the expression level becomes. Therefore, 
the insertion site of the foreign gene can be adjusted appropriately 
to obtain a desired expression level of the foreign gene and an 
optimized combination with the upstream and downstream genes encoding 
viral proteins. Generally, high expression levels are considered 

30 advantageous for foreign genes. Therefore, the foreign gene is 
preferably linked to a highly efficient transcription initiation 
sequence, and inserted near the 3' -end of the negative strand genome. 
More specifically, it is preferably inserted between the 3' -leader 
region and the viral protein ORF closest to the 3' -end. Alternatively, 

35 the foreign gene may be inserted between the viral gene ORF closest 
to the 3' -end and the ORF of the secondly closest gene. Conversely, 
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when high expression level of the transferred gene is not preferred, 
the expression level from the viral vector can be reduced by, for 
example, designing' the insertion position of the gene in the vector 
to be as close as possible to the 5' -side of the negative strand genome, 
5 or using a transcription initiation sequence with a low efficiency, 
for an appropriate effect to arise. 

Any viral genes included in the vector of this invention may 
be modified from wild-type genes in order to, for example, reduce 
the immunogenicity of the viral proteins, or to enhance RNA 

10 transcription and replication efficiency. Specifically, in 
paramyxoviral vectors, for example, transcription or replication 
functions can be enhanced by modifying at least one of the replication 
factors: N, P, and L genes. The structural protein HN comprises both 
hemagglutinin and neuraminidase activities. If, for example, the 

15 activity of the former can be reduced, the stability of the virus 
in blood can be enhanced. On the other hand, if, for example, the 
activity of the latter can be modified, infectivity can be regulated. 
In addition, membrane fusion and/or particle formation ability can 
be regulated by modifying the F protein and its domains, apart from 

20 the cleavage site. For example, by using analysis of the 
antigen-presenting epitopes and such of possible cell surface 
antigenic molecules, such as the F and HN proteins, a viral vector 
with weakened antigen-presenting ability against these proteins can 
be created. 

25 Vectors with deficient accessory genes can be used as the 

vectors of the present invention. For example, by knocking out the 
V gene, an SeV accessory gene, SeV pathogenicity to hosts such as 
mice can be markedly decreased without damaging gene expression and 
replication in cultured cells (Kato, A. etal., J. Virol. 71, 7266-7272, 

30 1997; Kato, A. et al. EMBO J. 16, 578-587, 1997,; Curran, J. et al. t 
WO 01/04272, EP 1067179) . Such attenuated vectors are preferred as 
viral vectors for in vivo or ex vivo nontoxic gene transfer. 

In a preferred embodiment, the complexes of the present 
invention are substantially homogeneous. The phrase "substantially 

35 homogeneous" complex refers to complexes that are isolated from a 
paramyxoviral RNP or viral particle which is not a complex of this 
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invention. That is, the substantially homogeneous complexes of this 
invention do not comprise other paramyxovirus RNP or viral particles 
that possess particle-forming ability. Herein, the phrase 
"particle-forming ability" refers to the ability of a vector to 
5 release infectious and/or noninfectious viral particles (called 
virus-like particles) in cells infected with the viral vector, a 
process referred to as "secondary release". Furthermore, the 
complexes of this invention with modified cleavage site of the F 
protein do not comprise viral RNPs comprising genes that encode the 

10 wild-type F protein or an F protein having a similar fusion activity 
thereto in the genome, nor viral particles comprising this genome. 

According to an embodiment of this invention, the cleavage site 
sequence of the F protein encoded by the above-mentioned genomic RNA 
is substituted by a sequence that is cleaved by another protease. 

15 The F protein of paramyxovirus (F0) itself does not show cell membrane 
fusion activity in its original form. However, upon cleavage of the 
extracellular domain of the F0 fragment (or the outer domain of the 
viral particle) , it exhibits its fusion activity. The two F protein 
fragments, N-terminal side and C-terminal side fragments, resulting 

20 from the cleavage are called Fl and F2, respectively, and are bonded 
together via a disulfide bond. Cleaving the F protein involves 
cleaving the F protein on the membrane at a domain outside the membrane, 
thereby resulting in the generation of fragments with cell 
fusogenicity . The phrase "cleavage site sequence" refers to an amino 

25 acid sequence required for the cleavage by a protease or essential 
residues therein. The cleavage sites of the paramyxovirus F protein 
are known in the art, and may be cleaved by trypsin-like intracellular 
proteases, such as furin. 

Furins generally exist in the Golgi body of most cells. The 

30 recognition motif of furin is Arg-X-Lys/Arg-Arg (RXK/RR) (separation 
of two amino acids by V" means either one of the amino acids) . Highly 
pathogenic Human PIV3 (RTKR) , SV5 (RRRR) , Mumps virus (RHKR) , NDV 
(virulent strain) highly virulent strain (RQR/KR) , Measles virus 
(RHKR) , RS virus (RKRR) , and such comprise the sequences of these 

35 motifs at their cleavage sites. The F protein of highly virulent 
strains is sensitive to proteases present in all cells, and viruses 
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of this strain undergo multi-step proliferation upon cleavage of the 
F protein in all organs . Thus, the infection of these viruses is fatal 
On the other hand, Sendai virus (PQSR) , Human PIV1 (PQSR) , and NDV 
(avirulent strain) weakly virulent strain (K/RQG/SR) with low 
5 virulence do not comprise this motif, but only Arg, which is the serine 
protease recognition sequence. The sequences of the F protein 
cleavage sites of paramyxovirus are well analyzed, and those skilled 
in the art can recognize them by appropriately referring to the 
literature (see, for example, "Uirusu-gaku (Virology) ", Hatanaka, 

10 M. ed., Tokyo, Asakura Shoten, 247-248, 1997). 

Furthermore, a cleavage site can be confirmed by identifying 
the cleavage site of an F protein of a virus grown in cells, tissues, 
individuals, or such where the paramyxovirus can proliferate, or the 
F protein collected by expressing them in these cells, individuals, 

15 or such. Alternatively, the F protein can be cleaved artificially 
and identified by treating the F protein expressed on the cell surface 
with a protease such as trypsin, which cleaves the cleavage site of 
the protein. According to an embodiment of this invention, the F 
protein comprises modified F protein cleavage site that may be cleaved 

20 by another protease. To accomplish this, the native cleavage 
sequence of the F protein is modified by replacing, deleting, and/or 
inserting one or more amino acids to reconstitute a sequence that 
is cleaved by another protease. Modification of the amino acid 
sequence can be performed by conventional site-directed mutagenesis 

25 methods. In addition, the modified F protein may maintain the 
property of being cleaved by proteases (such as trypsin) which cleave 
the wild-type F protein (see Examples) . Vectors encoding such 
modified F proteins show enhanced protease-dependent tropism as 
compared to the wild-type F protein. 

30 Sequences cleaved by another protease may be those cleaved by 

a preferable proteases. For example, sequences that are cleaved by 
a protease selectively expressed in tissues or cells which serve as 
the preferred target for vector introduction may be used (WO 01/20989) 
By designing a vector using an F protein gene comprising a sequence 

35 cleaved by a protease that is active in the target tissues as described 
above, the excellent property for proliferating and transferring the 
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vector specifically to surrounding cells under conditions where this 
protease activity exists can be realized. For example, by employing 
a cleavage sequence of a protease specifically expressed or activated 
in particular tissues, vectors that specifically infiltrate only 
5 within those tissues may be constructed. Furthermore, by utilizing 
the cleavage sequence of a protease that is specifically expressed 
or activated under certain conditions, such as a disease, vectors 
that specifically infiltrate under such conditions (for example, only 
within the lesion of a specific disease) can be constructed. Both 

10 intracellular and extracellular proteases may be utilized. For 
example, proteases secreted to the cell exterior, and membrane 
proteases expressed on the membrane surface are preferred. 
Alternatively, the selected protease may be any desired protease that 
exists within the transport pathway of the F protein, starting from 

15 intracellular translation to secretion on the cell surface. 

A large number of disorders are caused by aberrant expression 
of protease genes, including, for example, disorders belonging to 
all categories of general pathology, such as metabolic disorders, 
circulatory disorders, inflammation and immunologic disorders, 

20 infections, and malignant tumors. Specific examples include calpain 
in muscular dystrophy, destruction of the ubiquitin-proteasome system 
in autoimmune diseases and neural disorders, decreased expression 
of neprilysin in Alzheimer's disease, enhanced expression of MMP in 
infiltration and metastasis of cancer, pathogen-derived protease from 

25 pathogenic microorganisms, serine protease in hemostatic mechanism, 
and aminopeptidase in the placenta. 

Calpain, a calcium-dependent cysteine protease, has been 
studied as an enzyme involved in muscle proteolysis of muscular 
dystrophy. Calpain undergoes a specific activation mechanism in 

30 which activation occurs due to binding with calcium, and is considered 
to trigger muscle proteolysis by limited intracellular degradation 
of proteins important for structural maintenance of skeletal muscles, 
such as a-actinin, troponin, and connectin. Regarding the cleavage 
sequence for calpain (Karlsson, J.O. et al., Cell Biol. Int. 24, 

35 235-243, 2000), Leu-Leu-Val-Tyr and such are used as the degradation 
substrate . 
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The ubiquitin-proteasome system is a selective and active 
intracellular proteolysis mechanism, and an important cell function 
regulatory system for signal transduction, cell cycle, and such. 
Ubiquitin consists of 76 amino acids, and is covalently bonded to 
5 a protein by continuous catalytic action via the ubiquitin activating 
enzyme (El), ubiquitin binding enzyme (E2), and ubiquitin ligase (E3) . 
The ubiquitinated protein is degraded by the 2 6S proteasome . Several 
hundred types of E3 enzymes are known to exist and are categorized 
roughly into HECT type and RING finger type. Abnormal activities of 

10 these enzymes have been implicated in a large number of diseases. 
For example, Leu-Leu-Val-Tyr is used as the degradation substrate 
of the 2 6S proteasome (Reinheckel, T. etal., Arch. Biochem. Biophys. 
377, 65-68, 2000) . 

Articular disorders, such as chronic rheumatoid arthritis, 

15 cause dyskinesia by the destruction of articular cartilage tissues. 
The regeneration ability of articular cartilage is extremely low, 
and destruction of the cartilage conformation by extracellular matrix 
degradation leads to progressive articular destruction. The 
relationship between MMP and "a disintegrin and metalloproteinase" 

20 (ADAM) molecule of related gene family is of interest in such 
destruction of the extracellular matrix of the cartilage. In 
particular, ADAMTS (ADAM with thrombospondin motif) molecule is 
considered to be an enzyme necessary for degrading cartilage 
proteoglycan (aggrecan) (Tortorella, M.D. et al., Science 284, 

25 1664-1666, 1999) . The sequence leading to aggrecan degradation by 
ADAMTS has been identified (Tortorella, M.D. et al., J. Biol. Chem. 
275, 18566-18573, 2000) . 

Using the recognition sequences of these proteases, vectors 
specific to tissues that express these proteases can be prepared. 

30 Particularly preferred protease cleavage sequences of this 

invention include those of proteases whose activity is enhanced in 
cancer. By constructing vectors using such sequences, vectors that 
specifically infect cancer tissues can be constructed. Such vectors 
are extremely useful as gene transfer vectors for cancer therapy. 

35 Proteases with "enhanced activity 7 ' in cancer are those that show 
enhanced activity in certain cancer tissues or cancer cells as 



23 



compared to the activity in the corresponding normal tissues or normal 
cells. Herein, the phrase "enhanced activity" includes enhancement 
of the protease expression level and/or activity itself. The 
protease expression level can be measured by, for example, Northern 
5 hybridization using gene fragments of the protease as the probe, 
RT-PCR using a primer that specifically amplifies the protease gene, 
or Western blotting, ELISA, and immunoprecipitation using antibodies 
against the protease. The activity of the protease can be determined 
by degradation assay using substrates of the protease. Many in vivo 
10 proteases whose activity is regulated by various inhibitory factors 
are known in the art. The activity level of proteases can also be 
determined by measuring the expression level of these inhibitory 
factors. 

For example, the extracellular matrix (ECM) degradation enzyme 

15 activity is particularly enhanced in metastatic cancer (Nakajima, 
M . and Chop, A.M., Semin. Cancer Biol. 2, 115-127, 1991; Duffy, M.J., 
Clin. Exp. Metastasis 10, 145-155, 1992; Nakajima, M. "Extracellular 
matrix degradation enzyme (Japanese)", Seiki, M. ed., "Malignant 
transformation and metastasis of cancer", Chugai Igaku, 124-136, 

20 1993) . In animals, matrices comprising proteins such as collagen and 
proteoglycan are formed in the space between cells. Specifically 
known components of the extracellular matrix include collagen, 
fibronectin, laminin, tenascin, elastin, proteoglycan, and such. 
These ECMs have the function of regulating adhesion, development, 

25 transfer, and such of cells, as well as regulating the distribution 
and activity of soluble factors via binding thereto. Infiltration 
of ECM by ECM degradation enzymes is deeply involved in cancer 
metastasis, and many reports have demonstrated that inhibitors of 
ECM degradation enzymes can inhibit metastasis or infiltration to 

30 the basal membrane. Vectors that specifically infect and infiltrate 
cancer tissues can be constructed by encoding a modified F protein 
having a recognition sequence for cleavage by ECM degradation enzyme 
at its cleavage site. 

ECM degradation enzymes are categorized into aspartic acid 

35 proteases, cysteine proteases, serine protease, and metalloproteases , 
depending on the kind of catalytic residues at their active center. 
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In particular, for ECM degradation in vivo, serine proteases and 
metalloproteases, which are neutral proteases, play a central role. 
Serine proteases are widely distributed in microorganisms, animals, 
plants, and such. In higher animals, they are involved in many 
5 biological reactions, including, for example, food digestion, blood 
coagulation, fibrinolysis, immune complement reaction, cell 
proliferation, ontogeny, differentiation, senescence, cancer 
metastasis, and such. Furthermore, the activity of serine protease 
is generally regulated by a serine protease inhibitor (serpin) which 

10 generally exists within plasma and tissues, and quantitative or 
qualitative abnormalities of the inhibitor are known to cause 
inflammation and such. 

ECM-degrading serine proteases include cathepsin G, elastase, 
plasmin, plasminogen activator, tumor trypsin, chymotrypsin-like 

15 neutral proteinase, thrombin, etc. Plasmin is produced by limited 
degradation of plasminogen existing in vivo in the inactive form. 
This limited degradation is regulated by plasminogen activator (PA) 
and its inhibitor, plasminogen activator inhibitor (PAI) . PAs 
comprise tissue PA (tPA) , which is involved in blood coagulation, 

20 and urokinase PA (uPA) , which is related to ECM degradation (Blasi, 
F. and Verde, P., Semin. Cancer Bio. 1, 117-126, 1990). The function 
of these two PAs are inhibited through the binding of PAI (Cajot, 
J.F. et al., Proc. Natl. Acad. Sci. USA 87, 6939-6943, 1990; Baker, 
M.S. et al. , Cancer Res. 50, 4676-4684, 1990) . uPA can function while 

25 being bound to a uPA receptor (uPAR) on the cell surface. Plasmin 
degrades fibronectin, tenascin, laminin, and such, but fails to 
directly degrade collagen. However, it indirectly degrades collagen 
by activating the collagen degradation enzyme via cleavage of a 
portion of the precursor of the enzyme. These often show enhanced 

30 activity in cancer cells, and correlate well with metastatic ability 
(Tanaka, N. et al., Int. J. Cancer 48, 481-484, 1991; Boyd, D. et 
al., Cancer Res. 48, 3112-3116, 1988; Hollas, W. etal., Cancer Res. 
51, 3690-3695, 1991; Correc, P. et al., Int. J. Cancer 50, 767-771, 
1992; Ohkoshi, M. et al., J. Natl. Cancer Inst. 71, 1053-1057, 1983; 

35 Sakaki, Y. etal., New Horizon for Medicine (Japanese) 17, 1815-1821, 
1985) . 
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Many studies have been carried out on the cleavage sequences 
of uPA and tPA (Rijken, D.C. et al., J. Biol. Chem. 257, 2920-2925, 
1982; Wallen, P. et al., Biochim. Biophys. Acta 719, 318-328, 1982; 
Tate, K.M. et al., Biochemistry 2 6, 338-343, 1987). The commonly used 
5 substrate sequences include VGR (Dooi jewaard, G., and KLUFT, C, Adv. 
Exp. Med. Biol. 156, 115-120, 1983) and Substrate S-22 8 8 ( Ile-Pro-Arg) 
(Matsuo, 0. et al., Jpn. J. Physiol. 33, 1031-1037, 1983). Butenas 
et al. used 54 kinds of fluorescent substrates to identify sequences 
highly specif ic to tPA (Butenas, S. et al., Biochemistry 36, 2123-2131, 

10 1997), and demonstrated that two sequences, FPR and VPR, show high 
degradation activity against tPA. Therefore, these sequences are 
particularly preferred in the present invention. 

Other ECM degradation enzymes are categorized as cysteine 
protease or aspartic protease. They are also involved in the 

15 metastasis and infiltration of cancer. Specific examples include: 
cathepsinB (Sloane, B.F., Semin. Cancer Biol. 1, 137-152, 1990) using 
laminin, proteoglycan, fibronectin, collagen, procollagenase 
(activated by degradation) , and such as substrates ; cathepsin L (Kane, 
S.E. and Gottesman, M.M., Semin. Cancer Biol. 1, 127-136, 1990) using 

20 elastin, proteoglycan, fibronectin, laminin, elastase (activated) , 
and such as substrates; and cathepsin D (Rochefort, H., Semin. Cancer 
Biol. 1, 153-160, 1990) using laminin, fibronectin, proteoglycan, 
and cathepsin B and L (activated) as substrates. Cathepsin B and L 
in particular are highly expressed in breast cancer tissues (Spyratos, 

25 F. etal., Lancet ii, 1115-1118, 1989; Lah, T.T. etal., Int. J. Cancer 
50, 36-44, 1992), and colon cancer carcinoma (Shuja, S. et al., Int. 
J. Cancer 49, 341-346, 1991) . The disruption of balance between them 
and their inhibitory factors has been suggested to be involved in 
malignant transformation of cancer (Sloane, B.F., Semin. Cancer Biol. 

30 1, 137-152, 1990; Kane, S.E. and Gottesman, M.M., Semin. Cancer Biol. 
1, 127-136, 1990) . 

Metalloproteinase is a metalloenzyme comprising a metallic 
element such as Zn at its active center. Reported metalloproteinases 
include caspase, amino peptidase, angiotensin I converting enzyme, 

35 and collagenase. Regarding metalloproteinases that degrade ECM, 16 
kinds or more of matrix metalloproteinases (MMP) have been reported. 
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Representative MMPs include collagenase-1, -2, and -3 (MMP-1, -8, 
and -13), gelatinase A and B (MMP-2 and -9), stromelysin 1, 2, and 
3 (MMP-3, -10, and -11), matrilysin (MMP-7), and membrane 
metalloproteinases (MT1-MMP and MT2-MMP) . In general, MMP has Zn 2+ 
5 at its active center, and Ca 2+ is required for its enzyme activity. 
Furthermore, MMP is secreted as a latent enzyme (referred to as latent 
MMP or ProMMP) , is activated outside the cell, and degrades various 
ECMs existing in vivo. Moreover, the activity of MMPs is inhibited 
by a common inhibitor, namely, tissue inhibitor of metalloproteinase 

10 (TIMP) . Other examples of ECM degradative metalloproteinases 
include amino peptidase, such as amino peptidase N/CD13 and 
aminopeptidase B that degrade ECM component proteins. According to 
experiments using inhibitors, all of these proteinases have been 
reported to be deeply involved in cancer. 

15 Among these proteinases, collagenases (e.g., MMP-1, -8, and 

-13) cleave fibrous collagens - type I, II, and III collagen molecules 
- at specific sites. Two types of gelatinase, gelatinase A (MMP-2) 
and gelatinase B (MMP-9) , are known. Gelatinase is also called type 
IV collagenase, and degrades type V collagen and elastin in addition 

20 to type IV collagen, the major component of basal membranes. 
Furthermore, MMP-2 is known to cleave type I collagen at the same 
site as MMP-1. MMP-9 does not degrade laminin and fibronectin; 
however, MMP-2 degrades them. Stromelysins (MMP-3 and -10) accept 
and degrade a broad range of substrates and degrade proteoglycan; 

25 type III, IV, and IX collagen; laminin; and fibronectin. Matrilysin 
(MMP-7) is a molecule that lacks the hemopexin domain, has a substrate 
specificity identical to that of MMP-3, and particularly high 
degradation activity for proteoglycan and elastin. Membrane-type 
metalloproteinases (MT-MMPs) (MT1-MMP, MT2-MMP, MT3-MMP, MT4-MMP, 

30 MT5-MMP, and MT6-MMP) comprise a transmembrane structure. MT-MMPs 
have an insertion sequence (approximately ten amino acids) between 
the propeptide domain and the active site. This insertion sequence 
comprises Arg-Xaa-Lys-Arg (Xaa is any amino acid) , and, during the 
transportation process to the cell membrane, is activated through 

35 cleavage by furin, an intracellular processing enzyme . Known MT-MPPs 
include MT1-MMP (MMP-14) , MT2-MMP (MMP-15) , MT3-MMP (MMP-16) , MT4-MMP 
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(MMP-17), MT5-MMP (MMP-23) , and MT-6-MMP (MMP-25) . For example, 
MT1-MMP degrades type I, II, and III collagens, and MT3-MMP degrades 
type III collagen. 

Overexpression of MMP is known to widely occur in cancer cells. 
5 They are categorized into those caused by the cancer itself and by 
cancer interstitial cells. For example, interstitial collagen 
degrading collagenase (MMP-1) is involved with infiltration of cancer 
cells, and its activity level correlates with metastaticity in colon 
cancer and such (Wooley, D.E., Cancer Metastasis Rev. 3, 361-372, 

10 1984; Tarin, D. et al. , Br. J. Cancer 46, 266-278, 1982) . Furthermore, 
activities of type IV collagenases (MMP-2 and MMP-9) are highly 
correlated with metastatic ability of various epithelial cancers 
(Liotta, L.A. and Stetler-Stevenson, W.G., Semin. Cancer Biol. 1, 
99-106, 1990; Nakajima, M. Experimental Medicine 10, 246-255, 1992). 

15 Moreover, stromelysin (MMP-3) is also known to be correlated with 
malignant alteration of dermal epithelial tumor (Matrisian, L.M. and 
Bowden, G.T., Semi. Cancer Biol. 1, 107-115, 1990). Stromelysin-3 
(MMP-11) has been observed to be highly expressed in breast cancer 
and colon cancer (Basset, T. et al., Nature 348, 699-704, 1990; Porte, 

20 H. et al., Clin. Exp. Metastasis 10 (Suppl. 1), 114, 1992). 

Many cleavage substrates for MMP are known. Examples of 
substrate sequences that are degraded by all MMPs include PLGLWAR 
(Bickett, D.M. et al., Anal. Biochem. 212, 58-64, 1993), GPLGMRGL 
(Deng, S.J. et al., J. Biol. Chem. 275, 31422-31427, 2000), PQGLEAK 

25 (Beekman, B. et al. f FEBS Lett. 390, 221-225, 1996), RPKPVEWREAK 
(Beekman, B. et al., FEBS Lett. 418, 305-309, 1997), and PLALWAR 
(Jacobsen, E.J. etal., J. Med. Chem. 42, 1525-1536, 1999). Cleavage 
substrates of MMP-2 and -9 include PLGMWS (Netzel-Arnett , S. et al., 
Anal. Biochem. 195, 86-92, 1991) and PLGLG (Weingarten, H. et al., 

30 Biochemistry 24, 6730-6734, 1985) . 

Recently, phage-displayed peptide library screening has 
elucidated the degradation substrate sequences for MMP-9 (Kridel, 
S.J. et al., J. Biol. Chem. 276, 20572-20578, 2001), MMP-2 (Chen, 
E.I. et al. , J. Biol. Chem. 277, 44 85-44 91, 2 0 02) , and MT1-MMP (Kridel, 

35 S.J. et al., J. Biol. Chem. In JBC Papers in Press, April 16, 2002, 
Manuscript M111574200) . In these articles, identified amino acid 
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sequences are categorized into four groups depending on the presence 
or absence of degradation ability by three MMPs . Group IV includes 
sequences that are specifically degraded by MT1-MMP, and regarding 
sequences lacking Arg, VFSIPL and IKYHS sequences are mentioned as 
5 substrates that are not degraded by MMP-9 and MMP-2, but are degraded 
by MT-MMP alone. 

For example, the cleavage sequence of MMP-9 is Pro-X-X-Hy 
(wherein, X represents an arbitrary residue; Hy, a hydrophobic 
residue), with Pro-X-X-Hy- (Ser/Thr ) being particularly preferred. 

10 A more specific example includes Pro-Arg- (Ser/Thr ) -Hy- (Ser/Thr ) 
(cleavage occurs between X and Hy residues) . Examples of Hy 
(hydrophobic residues) include Leu, Val, Tyr, lie, Phe, Trp, and Met, 
but are not limited thereto. Other cleavage sequences have been also 
identified (for example, see Group I, II, IIIA, and IIIB in the 

15 following literature; Kridel, S.J. et al., J. Biol. Chem. 276, 
20572-20578, 2001), and any desired sequence may be used. The 
above-mentioned Pro-X-X-Hy may be used for MMP-2, and in addition, 
(Ile/Leu) -X-X-Hy, Hy-Ser-X-Leu, and His-X-X-Hy (see, for example, 
Group I, II, III, and IV in the following literature; Chen, E.I. et 

20 al., J. Biol. Chem. 277, 4485-4491, 2002) may also be used. The 
cleavage sequence for the MMP family comprising MMP-7, MMP-1, MMP-2, 
MMP-9, MMP-3, and MT1-MMP (MMP-14) can be appropriately selected, 
for example, by referring to the sequences of natural substrate 
proteins or by screening a peptide library (Turk, B.E. et al., Nature 

25 Biotech. 19, 661-667, 2001; Woessner, J.F. and Nagase, H., Matrix 
metalloproteinases and TIMPs. (Oxford University Press, Oxford, UK, 
2000); Fernandez-Patron, C. et al., Circ. Res. 85, 906-911, 1999; 
Nakamura, H. etal., J. Biol. Chem. 275, 38885-38890, 2000; McQuibban, 
G.A. etal. r Science 289, 1202-1206, 2000; Sasaki, T. etal., J. Biol. 

30 Chem. 272, 9237-9243, 1997) . Examples of the eight amino acid 
sequences P4-P3-P2-P1-P1' -P2' -P3' -P4' (cleavage occurs between PI 
and PI' ) of the cleavage site include VPMS-MRGG for MMP-1, RPFS-MIMG 
for MMP-3, VPLS-LTMG for MMP-7, and IPES-LRAG for MT1-MMP, but are 
not limited thereto . PLAYWAR (Nezel-Amett , S. etal., Anal. Biochem. 

35 195, 86, 1991) is an example for MMP-8. Various synthetic substrates 
of MMP are available, and can be compared to each other (see, for 
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example, each of the MMP substrates in the Calbiochem® catalog, 
Merck) . 

Generally, MMP activity in tissues is regulated through the 
process of: latent enzyme production, latent enzyme activation, and 
5 active enzyme inhibition by inhibitors. MMP activity is involved in 
various physiological phenomena, such as development and ovulation, 
fertilization, implantation to the endometrium, and wound healing. 
Disorder in the regulation of MMP activity contributes to various 
pathologies including, for example, infiltration and metastasis of 

10 cancer cells, arthritis, gingivitis, arteriosclerosis, tumor, and 
fibrosis. For example, gellatinases (MMP-2 and -9) that degrade the 
basal membrane components are known to be important for metastasis 
of cancer. MMP-2 is activated by cleavage of pro-MMP-2 by MT1-MMP . 
On the other hand, a pathway for the activation of MMP-9 exists wherein 

15 first plasmin is produced from plasminogen by uPA to activate proMMP-3, 
and then the active MMP-3 activates proMMP-9. This pathway is 
involved in metastasis of cancer. In order to develop the vectors 
of this invention as cancer-targeting vectors, it is particularly 
useful to introduce a sequence cleaved by those proteases involved 

20 with metastasis of cancer as the cleavage site of the F protein. 
Examples of such proteases include MMP-2, MMP-9, uPA, MMP-3, and 
MT1-MMP, more specifically, MMP-2, MMP-9, and uPA. 

When incorporating a protease cleavage sequence into the F 
protein, the protease cleavage sequence of interest is inserted into 

25 the cleavage site of the F protein and the originally existing 
trypsin-like protease cleavage site is preferably degenerated. To 
accomplish this purpose, the amino acid sequence around the original 
cleavage site for the trypsin-like protease can be substituted with 
the protease cleavage sequence (recognition sequence) of interest. 

30 The modified F protein is cleaved by the protease of interest when 
expressed in cells, and maintains the cell membrane fusion activity 
of the F protein. The amino acids close to the N-terminus of the Fl 
fragment produced by cleavage of the F protein are considered to play 
an important role in cell membrane fusion. Therefore, unless 

35 cleavage is inhibited, the cleavage sequence is preferably designed 
so that the N-terminal sequence of the Fl fragment after cleavage 
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is identical to that of the Fl fragment of the wild-type F protein. 
Furthermore, to insert a linker into the cleavage site to induce 
efficient cleavage reaction, it is preferred that the smallest number 
of amino acids needed is added to the N-terminus of the cleaved Fl 
5 fragment in comparison to that of the wild-type Fl.. For example, five 
amino acids or less, preferably four amino acids or less, or more 
preferably three amino acids or less (for example, one, two, or three 
amino acids) are added to the N-terminus after cleavage in comparison 
to the wild-type Fl . For example, the present invention elucidated 

10 that the addition of Met-Thr-Ser (SEQ ID NO: 1) added to the N-terminus 
of the Fl fragment of the modified F protein did not impair either 
the cleavage reaction by MMP or the cell membrane fusion reaction 
after the cleavage. Therefore, the cleavage sequence is preferably 
designed so that Met-Thr-Ser, or conservative substitution sequences 

15 thereof or amino acids comprising a partial sequence thereof, is added 
to the N-terminus of Fl after cleavage. The phrase "conservative 
substitution" refers to a substitution between amino acids whose amino 
acid side chains have similar chemical characteristics. 
Specifically, Met can be substituted with lie or Val, Thr can be 

20 substituted with Ser or Ala, and Ser can be substituted with Ala, 
Asn, or Thr. Substitution of amino acids at each position can be 
performed independently. 

More specific examples of the preferred cleavage sequence for 
MMP-2 and -9 include those comprising Pro-Leu/Gln-Gly (SEQ ID NO: 

25 2). This sequence is a common sequence among synthetic substrates 
(Netzel-Arnett, S. etal., Anal. Biochem. 195, 86-92, 1991) used as 
substrates, and the F protein is designed so that this sequence is 
positioned at the C-terminus of the F2 fragment after cleavage of 
the modified F protein. To accomplish this, the sequence comprising 

30 the C-terminal amino acids of the F2 fragment after cleavage of the 
wild-type F protein is replaced with a sequence comprising 
Pro-Leu/Gln-Gly . The original sequence corresponding to one or 
several amino acids of the C-terminus of the F2 fragment of the F 
protein is appropriately deleted, and then, Pro-Leu/Gln-Gly is 

35 inserted (i.e., perform substitution) . The number of amino acids to 
be deleted may be equal to the number of amino acids to be inserted 
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(for example, three amino acids) , or can be selected in the range 
of zero to ten amino acids or such. As long as the steps of cleavage 
by a protease and membrane fusion are not impaired, the F protein 
can be prepared so that the N-terminus of Fl is directly linked 
5 downstream of Pro-Leu/Gln-Gly . However, in the F protein of Sendai 
virus or such, the cleavage sequence and the Fl fragment are preferably 
linked via an appropriate spacer. Particularly preferred examples 
of such spacer-comprising cleavage sequences include those sequences 
comprising Pro-Leu/Gln-Gly-Met-Thr-Ser (SEQ ID NO: 3) or 

10 Pro-Leu/Gln-Gly-Met-Thr (SEQ ID NO: 4). Met, Thr, and Ser can be 
conservatively substituted with other amino acids. More preferred 
examples of proteins include modified F proteins in which one to ten 
residues, such as one, two, three, four, five, or six residues, 
sequentially linked from the C-terminal amino acid in F2 after 

15 cleavage towards the N-terminus, are replaced with a sequence 
comprising Pro-Leu/Gln-Gly-Met-Thr-Ser or Pro-Leu/Gln-Gly-Met-Thr. 
For example, in the case of the Sendai virus F protein, an F protein 
in which the sequence (although it depends on the strain, it is 
typically 113 Pro-Gln-Ser-Arg 116 i ) corresponding to the four C-terminal 

20 amino acids of the F2 fragment in the wild-type F protein (SEQ ID 
NO: 5) is replaced with Pro-Leu/Gln-Gly-Met-Thr-Ser and such. 

Any other desired sequence described in the present invention 
may be used as the cleavage sequence of MMP. In the interest of 
substrate specificity of the various MMPs, analyses have been 

25 performed using peptide libraries (Turk, B.E. etal., Nature Biotech. 
19, 661-667, 2001) . Detailed analyses have been performed for MMP-2 
(Chen, E.I. etal., J. Biol. Chem. 277(6), 4485-4491, 2002) and MMP- 9 
(Kridel, S.J. et al., J. Biol. Chem. 276(8), 20572-20578, 2001) of 
interest. Regarding MMP-9 in particular , the consensus sequence from 

30 P3 to P2' (P3-P2-P1-P1' -P2' ; cleavage takes place between Pl-Pl' ) 
is proposed as Pro-X-X-Hy- (Ser/Thr) (X= any residues; Hy= hydrophobic 
residue) . This consensus sequence also matches one of those proposed 
for MMP-2 (Pro-X-X-Hy), and thus, is considered to be a good design 
to accomplish specificity for MMP-2 and MMP-9. Therefore, from such 

35 aspects as well, the sequences shown above 

(Pro-Leu/Gln-Gly-Met-Thr-Ser or Pro-Leu/Gln-Gly-Met-Thr) have been 
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supported as preferable examples. Specifically, the sequence of the 
F protein cleavage site preferably comprises Pro-X-X-Hy-Thr/Ser, and 
more preferably Pro-X-X-Hy-Thr/Ser-Thr/Ser ("Thr/Ser" means either 
Thr or Ser) . For example, Pro-Leu-Gly-Leu-Trp-Ala and 

5 Pro-Gln-Gly-Leu-Tyr-Ala that do not match with Pro-X-X-Hy-Thr/Ser 
are not preferred (Fig. 44) . By inserting into the F protein cleavage 
site a peptide that matches with the Pro-X-X-Hy-Thr/Ser sequence, 
a vector showing high infiltration ability in the presence of MMP 
can be constructed. 

10 Other examples of preferable cleavage sequences include those 

cleaved by a plasminogen activator. Specific examples of cleavage 
sequences of uPA and tPA include sequences comprising Val-Gly-Arg. 
The F protein is designed so that this sequence is positioned at the 
C-terminus of the F2 fragment of the modified F protein after cleavage . 

15 To accomplish this, the sequence comprising C-terminal amino acids 
of the F2 fragment after cleaving the wild-type F protein can be 
replaced with a sequence comprising Val-Gly-Arg (SEQ ID NO: 6) . More 
preferable examples of preferred proteins include a modified F protein 
in which one to ten residues, for example, one, two, three, four, 

20 five, or six residues, sequentially positioned from the C-terminal 
amino acid of F2 after cleavage towards the N-terminus are replaced 
with Val-Gly-Arg or a sequence comprising this sequence. For 
instance, in the Sendai viral F protein, examples include the F protein 
whose sequence corresponding to the three C-terminal amino acids of 

25 the F2 fragment in the wild-type F protein (typically 114 Gln-Ser-Arg 116 
1 (SEQ ID NO: 7), although it depends on the strain) is substituted 
with Val-Gly-Arg. 

To efficiently identify a modified F protein that exerts 
fusogenicity in the presence of a specific protease, an assay system 

30 using a plasmid vector can be utilized (Example 31) . Specifically, 
a plasmid vector expressing the modified F protein is transfected 
to cells, and the resulting cell is cultured in the presence of a 
protease to detect syncytium formation. The modified F protein 
encoded by the plasmid that causes syncytium formation is cleaved 

35 by protease to determine if it shows fusogenicity. For example, to 
assay the F protein that is cleaved by MMP, HT1080 cells that express 
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MMP may be used. Alternatively, MMP may be added to the culture system. 
Using the assay system developed in this invention, a modified F 
protein having fusogenicity can be readily obtained. 

A vector encoding a modified F protein can introduce the genomic 
5 RNA contained in the vector into cells contacting the cells 
transfected with the vector, depending on the presence of a protease 
that cleaves the modified F protein. The action of the cleaved F 
protein causes cell fusion between cells in contact, and the RNP 
spreads to the fused cells. That is, the vector of the present 
10 invention does not form viral particles; however, it can transfer 
the vector to a localized region due to the infiltration of vectors 
into contacting cells such as described above. The protease may be 
expressed intracellularly or extracellularly , or may be added 
exogenously . 

15 The modified F proteins provided by the present invention show 

cell fusogenicity depending on a specific protease. By utilizing 
this protein, viral vectors, drugs and gene delivery vectors, such 
as liposomes, that causes cell fusion or specific infection only in 
the presence of the protease can be constructed. For example, by 

2 0 equipping the F gene of an adenoviral vector comprising F and HN genes 
(Galanis, E. et al. f Hum. Gene Ther. 12, 811-821, 2001) with the gene 
of the modified F protein which is cleaved by a protease specifically 
expressed in cancer cells, vectors that cause cell fusion in the 
presence of the specific protease can be developed. In addition, for 

25 example, when pseudotyping a retrovirus with F and HN proteins 
(Spiegel, M. et al., J Virol. 72(6), 5296-5302, 1998), a cancer 
cell-targeting vector that specifically infects cancers may be 
developed using the modified F protein during construction process, 
which protein is cleaved by a protease expressed in cancers. As 

30 described above, in addition to the vectors of this invention, the 
modified F proteins provided by the present invention and nucleic 
acids encoding them may be utilized to develop various vectors that 
depend on proteases. 

Furthermore, the present invention provides paramyxoviral 

35 vectors comprising a modified F protein in which the cell fusogenicity 
is increased by deletion of the cytoplasmic domain. A portion of the 
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amino acids of the cytoplasmic domain is deleted such that 0 to 28, 
preferably 1 to 27, and more preferably 4 to 27 amino acids exist 
in the cytoplasmic domain of this modified F protein. The phrase 
"cytoplasmic domain' 7 refers to the cytoplasmic side of the membrane 
5 protein, and in the F protein, it corresponds to the C-terminal region 
of the transmembrane (TM) region (see Fig. 42) . For example, the F 
protein comprising 6 to 20, preferably 10 to 16, and more preferably 
13 to 15 amino acids as the cytoplasmic domain shows significantly 
high levels of cell f usogenicity as compared to the wild-type F protein . 

10 Therefore, preparation of a paramyxoviral vector that comprises an 
F protein modified such that its cytoplasmic domain comprises 
approximately 14 amino acids enables the acquisition of vectors having 
higher cell fusogenicity as compared to those obtained with a 
wild-type F protein. Preferably, this deletion F protein lacks 10 

15 or more, preferably 15 or more, more preferably 20 or more, still 
more preferably 25 or more, and furthermore preferably 28 or more 
of the C-terminal amino acids of the wild-type F protein. According 
to the most preferred aspect , the cytoplasmic domain-deleted F protein 
lacks approximately 2 8 amino acids from the C-terminus of the 

20 wild-type F protein. The paramyxoviral vectors which comprise genes 
encoding these cytoplasmic domain-deleted F proteins on the genome 
have higher cell fusogenicity as compared to conventional vectors, 
and thus, more strongly infiltrate into the surrounding cells. 
Modification of the cleavage site of this F protein as described herein 

25 yields a vector that exhibits a high infiltration ability only in 
the presence of a specific protease. 

The present invention further relates to a fusion protein 
consisting of two kinds of spike proteins carried by the paramyxovirus. 
The paramamyxovirus has a protein considered to function in cell 

30 fusion (called the "F" protein) and a protein considered to function 
in adhesion to cells (called the "HN" or "H" protein) . Herein, the 
former is generally called the F protein, and the latter the HN protein. 
These two proteins expressed as a fusion protein exert extremely 
strong fusogenicity as compared to separate expression of the proteins . 

35 In this fusion protein, the proteins are bonded through a portion 
of their cytoplasmic domains. Specifically, the fusion protein 
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comprises the F protein at its N-terminus and the HN (or H) protein 
at its C-terminus. When fusing these proteins, the whole proteins 
may be fused to each other, or alternatively, the F protein which 
lacks a portion or the whole cytoplasmic domain may be fused to the 
5 HN (or H) protein. In the latter case, the number of amino acid 
residues from downstream of the TM region of the F protein to the 
HN (or H) protein is five or more, preferably ten or more, more 
preferably 14 or more, and still more preferably 20 or more. For 
example, when fusing an F protein that lacks the cytoplasmic domain 

10 to the HN (or H) protein, it is preferable to adjust the length by 
adding a linker peptide of appropriate length to the C-terminus of 
the F protein portion. Specifically, a cytoplasmic domain-deleted 
F protein comprising 14 residues of cytoplasmic domain fused to the 
HN (or H) protein via any linker peptide is preferably used. The 

15 linker peptide may be, for example, approximately 50 residues. The 
amino acid sequence of the linker peptide is not particularly limited; 
however, it is preferable to adopt a polypeptide which does not have 
significant physiological activity, and suitable examples include 
the polypeptide shown in Fig. 43 (SEQ ID NO: 80) . 

20 The present invention further relates to nucleic acids encoding 

these fusion proteins, and expression vectors comprising these 
nucleic acids. Cells transfected with these expression vectors show 
strong fusogenicity, and form syncytia through fusion with the 
surrounding cells. Expression vectors are not particularly limited, 

25 and include, for example, plasmid vectors and viral vectors. In the 
case of a DNA vector, use in combination with a strong promoter such 
as the CAG promoter (a chimeric promoter comprising chicken (3-actin 
promoter and CMV enhancer) (Niwa, H. etal., Gene 108, 193-199, 1991) 
is preferred. A viral vector expressing a protein of the present 

30 invention yields strong fusion in transfected cells. Examples of 
suitable viral vectors include retroviral vectors, lentiviral vectors, 
adenoviral vectors, adeno-associated viral vectors, minus strand RNA 
viral vectors, simple herpes viral vectors, retroviral vectors, 
lentiviral vectors, Semliki forest viral vectors, sindbis viral 

35 vectors, vaccinia viral vectors, fowlpox viral vectors, and other 
preferable viral vectors . The paramyxovirus vectors that express the 
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present protein (s) exhibit high infiltration ability towards various 
tissues. In particular, the use of an M gene-deleted paramyxoviral 
vector encoding a fusion protein of the present invention with a 
modified F protein cleavage site leads to the production of a vector 
5 that induces strong cell fusion in specific tissues. 

These recombinant viral vectors can be prepared according to 
methods well known to those skilled in the art. For example, an 
adenoviral vector that is most commonly used for gene therapy and 
such can be constructed by the method of Saito et al. and other methods 

10 (Miyake et al. , Proc . Natl . Acad . Sci . USA, 93, 1320-24, 1996; Kanegae 
et al., Acta Paediatr. Jpn., 38, 182-188, 1996; Kanegae et al., 
"Baiomanyuaru shiriizu 4-Idenshi-donyu to Hatsugen'Kaisekiho 
(Biomanual Series 4: Methods for gene transf ection, expression, and 
analysis)", Yodosha, 43-58, 1994; Kanegae et al., Cell Engineering, 

15 13(8), 757-763, 1994). In addition, for example, retroviral vectors 
(Wakimoto et al., Protein Nucleic acid and Enzyme (Japanese) 40, 
2508-2513, 1995), adeno-associated viral vectors (Tamaki et al., 
Protein Nucleic acid and Enzyme (Japanese) 40, 2532-2538, 1995) and 
such can be prepared by conventional methods. As specific methods 

20 for producing other viral vectors capable of transferring genes to 
mammals, methods for producing recombinant vaccinia virus are known 
and described in Published Japanese Translation of International 
Publication No. Hei 6-502069, Examined Published Japanese Patent 
Application No. (JP-B) Hei 6-95937, and JP-B Hei 6-71429. Known 

25 methods for producing recombinant papilloma viruses include those 
described in JP-B Hei 6-34727, and Published Japanese Translation 
of International Publication No. Hei 6-505626. Furthermore, known 
methods for producing recombinant adeno-associated viruses and 
recombinant adenoviruses include those described in Unexamined 

30 Published Japanese Patent Application No. (JP-A) Hei 5-308975 And 
Published Japanese Translation of International Publication No. Hei 
6-508039, respectively. 

In the RNA genome, which is comprised in the vector provided 
as an aspect of this invention, the gene encoding the matrix (M) 

35 protein (i.e., the M gene) is mutated or deleted. According to the 
present invention, the cleavage site of the F protein is modified 
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to a sequence that is cleaved by another protease, and furthermore, 
the M gene is mutated or deleted to suppress particle forming ability. 
Thereby, a vector with a completely new property that does not release 
viral particles, and infiltrates into only a group of cells expressing 
5 a particular protease has been successfully developed. The mutation 
of the M gene eliminates or significantly lowers the particle forming 
activity in the intrahost environment. Such mutations in cells that 
express this M protein can be identified by detecting a decrease in 
the cell surface aggregation of this protein (see Examples) . 

10 According to the present invention, the most effective 

modification for suppressing secondary release of particles, i.e., 
release of VLP, was confirmed to be the deletion of the M protein. 
This fact is also supported by studies reporting on the role of the 
M proteins in virion formation in Sendai virus (SeV) and other minus (-) 

15 strand RNA viruses. For example, it has been found that strong 
expression of the M protein in vesicular stomatitis virus (VSV) causes 
the budding of VLPs (Justice, P. A. et al., J. Virol. 69, 3156-3160, 
1995); likewise, parainfluenza virus VLP formation is also reported 
to occur on mere overexpression of M protein (Coronel, E.C. et al., 

20 J. Virol. 73, 7035-7038, 1999). While this kind of VLP formation, 
caused by M protein alone, is not observed in all (-) strand RNA viruses, 
M proteins are recognized to serve as virion formation cores in 
(-) strand RNA viruses (Garoff, H. etal., Microbiol. Mol . Biol. Rev. 
62, 1171-1190, 1998) . 

25 The specific role of the M protein in virion formation is 

summarized as follows: Virions are formed in so-called lipid rafts 
on the cell membrane (Simons, K. and Ikonen, E . , Nature 387, 569-572, 
1997) . These were originally identified as lipid fractions that were 
insoluble with non-ionic detergents, such as Triton X-100 (Brown, 

30 D.A. and Rose, J.K., Cell 68, 533-544, 1992). Virion formation in 
lipid rafts has been demonstrated for the influenza virus (Ali, A. 
et al., J. Virol. 74, 8709-8719, 2000), measles virus (MeV; Manie, 
S.N. et al., J. Virol. 74, 305-311, 2000), SeV (Ali, A. and Nayak, 
D.P., Virology 276, 289-303, 2000), and others. At these lipid raft 

35 sites, the M protein enhances virion formation, concentrating 
envelope proteins (also referred to as spike proteins) and 
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ribonucleoprotein (RNP) . In other words, the M protein may function 
as a driving force for virus assembly and budding (Cathomen, T. et 
al., EMBO J. 17, 3899-3908, 1998; Mebatsion, T. et al., J. Virol. 
73, 242-250, 1999) . In fact, the M protein has been revealed to bind 
5 to the cytoplasmic tail of influenza virus spike proteins and such 
(Zhang, J. et al., J. Virol. 74, 4634-4644, 2000), SeV (Sanderson, 
CM. et al., J. Virol. 67, 651-663, 1993). It also binds with the 
RNP of the influenza virus (Ruigrok, R.W. et al . , Virology 173, 311-316, 
1989), parainfluenza virus, SeV (Coronel, E.C. et al., J. Virol. 75, 

10 1117-1123, 2001), etc. Further, in the case of SeV (Heggeness, M.H. 
etal., Proc. Natl. Acad. Sci. USA 79, 6232-6236, 1982) and vesicular 
stomatitis virus, etc (VSV; Gaudin, Y. et al., Virology 206, 28-37, 
1995; Gaudin, Y. et al. , J. Mol. Biol. 274, 816-8 25, 1997) , M proteins 
have been reported to form oligomers with themselves. Thus, due to 

15 the capacity of the M protein to function in association with many 
virus components and lipids, the protein is considered to function 
as the driving force for virus assembly and budding. 

In addition, some reports suggest that envelope protein (spike 
protein) modification may also suppress VLP release. The following 

20 experimental examples are specific reports in which virion formation 
was actually suppressed: a G protein deficiency in rabies virus (RV) 
resulted in a 1/30 reduction of VLP formation (Mebatsion, T. et al., 
Cell 84, 941-951, 1996) . When the M protein was deficient, this level 
dropped to 1/500,000 or less (Mebatsion, T. et al., J. Virol. 73, 

25 242-250, 1999). Further, in the case of the measles virus (MeV) , 
cell-to-cell fusion was enhanced when the M protein was deficient 
(Cathomen, T. et al., EMBO J. 17, 3899-3908, 1998) . This is presumed 
to result from the suppression of virion formation (Li, Z. et al., 
J. Virol. 72, 3789-3795, 1998). In addition, similar fusion 

30 enhancement arose with mutations in the cytoplasmic tail of F or H 
protein (the tail on the cytoplasmic side) (Cathomen, T. et al., J. 
Virol. 72, 1224-1234, 1998). Therefore, introducing a mutation which 
causes the deletion of only the cytoplasmic tail of the F and/or HN 
proteins may suppress particle formation. However, since many VLPs 

35 have been reported to exist in the F-deficient form (WO 00/70070) 
or the HN-deficient form (Strieker, R. and Roux, L., J. Gen. Virol. 
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72, 1703-1707, 1991), particularly in SeV, the effect of modifying 
these spike proteins may be limited. Furthermore, the following has 
also been clarified with regards to SeV: When the SeV proteins F and 
HN are on secretory pathways (specifically, when they are located 
5 in Golgi bodies, etc.), the cytoplasmic tails (of the F and HN 
proteins) bind with the M protein (Sanderson, CM. et al., J. Virol. 
67, 651-663, 1993; Sanderson, CM. et al. , J. Virol. 68, 69-76, 1994) . 
Thus, it is presumed that this binding is important for the efficient 
transfer of the M protein to cell membrane lipid rafts, where virions 

10 are formed. The M protein was thought to bind to the F and HN proteins 
in the cytoplasm, and as a result to be transferred to the cell membrane 
via F and HN protein secretory pathways. As described above, the M 
protein plays an essential role in viral particle formation. The use 
of a modified M protein gene that eliminates M protein aggregation 

15 on the cell surface enables production of vectors without particle 
forming ability. 

The subcellular localization of the M protein can be determined 
by cell fractionation, or by directly detecting M protein localization 
using immunostaining, or such. In immunostaining, for example, M 

20 protein stained by a f luorescently labeled antibody can be observed 
under a confocal laser microscope. Alternatively, after the cells 
have been lysed, a cell fraction can be prepared using a known cell 
fractionation method, and localization can then be determined by 
identifying the M protein-containing fraction using a method such 

25 as immunoprecipitation or Western blotting using an antibody against 
the M protein. Virions are formed in so-called cell membrane lipid 
rafts, lipid fractions that are insoluble with non-ionic detergents 
such as Triton X-100. The M protein is believed to participate in 
the aggregation of viral components in the lipid rafts due to its 

30 ability to bind to spike proteins, RNP, and to M protein itself, and 
further to lipids. Accordingly, the M protein, detected by 
electrophoresis or such with the lipid raft fraction, is presumed 
to reflect aggregated M protein. Namely, when the amount of 
detectable M protein is reduced, cell-surface M protein aggregation 

35 is determined to be reduced. M protein aggregation on cell membranes 
can be directly observed using the immunocytological staining methods 
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used by the present inventors for detecting subcellular localization. 
This utilizes an anti-M antibody available for immunocytological 
staining. On investigation using this method, an intensely condensed 
image is observed near the cell membrane when the M protein is 
5 aggregated. When the M protein is not aggregated, there is neither 
a detectable condensation pattern nor a clear outline of the cell 
membrane. In addition, only a slight stain is observed in the 
cytoplasm. Thus, when little or no condensation pattern is detected, 
the cell membrane outline is indistinct, and slight staining is 

10 observed throughout the cytoplasm, cell-surface M protein aggregation 
is judged to be reduced. 

Mutant M proteins having significantly reduced cell-surface 
aggregation activity are judged to have significantly lower particle 
formation ability as compared to that of wild-type M proteins. The 

15 reduction of particle formation ability in the virus is statistically 
significant (for example, at a significant level of 5% or less) . 
Statistical verification can be carried out using, for example, the 
Student t-test or the Mann-Whitney U-test. Particle formation 
ability of the virus vectors, comprising mutant M gene, in intrahost 

20 environment is reduced to a level of preferably 1/5 or less, more 
preferably 1/10 or less, more preferably 1/30 or less, more preferably 
1/50 or less, more preferably 1/100 or less, more preferably 1/300 
or less, and more preferably 1/500 or less. Most preferably, the 
vectors of this invention substantially lack viral particle-producing 

25 ability in the intrahost environment. The phrase "substantially 
lack" means that no viral particle production is detected in the 
intrahost environment. In such cases, there exist 10 3 or less, 
preferably 10 2 or less, and more preferably 10 1 or less per ml of the 
viral particles. 

30 The presence of viral particles can be directly confirmed by 

observation under an electron microscope, etc. Alternatively, they 
can be detected and quantified using viral nucleic acids or proteins 
as indicators. For example, genomic nucleic acids in the viral 
particles may be detected and quantified using general methods of 

35 nucleic acid detection such as the polymerase chain reaction (PCR) . 
Alternatively, viral particles comprising a foreign gene can be 
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quantified by infecting them into cells and detecting expression of 
that gene. Non-infective viral particles can be quantified by 
detecting gene expression after introducing the particles into cells 
in combination with a transfection reagent. The viral particles of 
5 the present invention comprise particles without infectivity, such 
as VLP. 

Furthermore, potency of the virus can be determined, for example, 
by measuring Cell-Infected Units (CIU) or hemagglutination activity 
(HA) (WO 00/70070; Kato, A. et al., Genes Cells 1, 569-579, 1996; 

10 Yonemitsu, Y. and Kaneda, Y., "Hemaggulutinating virus of 
Japan-liposome-mediated gene delivery to vascular cells. ", Ed. by 
Baker, A. H., Molecular Biology of Vascular Diseases. Methods in 
Molecular Medicine., Humana Press., 295-306, 1999) . In the case of 
vectors labeled with marker genes, such as the GFP gene, virus titer 

15 is quantified by directly counting infected cells using the marker 
as an indicator (e.g., as GFP-CIU) as described in the Examples. 
Titers thus determined can be considered equivalent to CIU (WO 
00/70070) . For example, the loss of viral particle production 
ability can be confirmed by the lack of detectable infectivity titer 

20 when cells are transfected with a sample which may comprise viral 
particles. Detection of viral particles (VLP and such) without 
infectivity can be performed by transfection using a lipofection 
reagent. Specifically, for example, DOSPER Liposomal Transfection 
Reagent (Roche, Basel, Switzerland; Cat. No. 1811169) can be used. 

25 One hundred microliters of a solution with or without viral particles 
is mixed with 12.5 |il DOSPER, and allowed to stand for ten minutes 
at room temperature. The mixture is shaken every 15 minutes and 
transfected to cells confluently cultured on 6-well plates. VLPs can 
be detected by the presence or absence of infected cells from the 

30 second day after transfection. 

The phrase "intrahost environment" refers to an environment 
within the host wherein the wild-type paramyxovirus, from which the 
vector of interest is derived, normally proliferates in nature, or 
an environment that allows equivalent virus proliferation. The 

35 intrahost environment may be, for example, the optimum growth 
condition for the virus. When the host of the paramyxovirus is a 
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mammal, the intrahost environment refers to the in vivo environment 
of a mammal, or equivalent environment thereof. Namely, the 
temperature is approximately 37°C to 38°C (for example, 37°C) 
corresponding to that in the body of the mammal. An example of an 
5 in vitro condition includes a normal cell culture condition, more 
specifically a moist culture environment in a media with or without 
serum (pH 6.5 to 7.5), at 37°C, under 5% C0 2 . 

Important differences in the activity of a modified M protein 
due to environmental conditions include conditional mutations of the 

10 M protein, such as temperature sensitive mutations. The phrase 
"conditional mutation" refers to a mutation which shows a mutated 
phenotype of "loss of function" in the intrahost environment, while 
exhibiting functional activity in another environment. For example, 
a gene encoding a temperature-sensitive mutated M protein, whose 

15 function is mostly or completely lost at 37 °C but is recovered at 
a lower temperature, can be preferably used. The phrase 
"temperature-sensitive mutation" refers to a mutation wherein the 
activity is significantly decreased at high temperature (for example, 
37°C) as compared to that at low temperature (for example, 32°C). 

20 The present inventors successfully produced a viral particle whose 
particle forming ability is dramatically decreased at 37 °C, a 
temperature corresponding to the intrahost environment, using the 
temperature-sensitive mutant of the M protein. This M protein mutant 
aggregates at the cell surface under low temperature conditions (for 

25 example, 32 °C) to form viral particles; however, at the normal body 
temperature (37 °C) of a host, it loses aggregability and fails to 
form viral particles. A vector comprising nucleic acids encoding 
such a temperature-sensitive M protein mutant on its genome is 
preferred as the vector of this invention. The M protein of such a 

30 viral vector encodes a conditionally mutated M protein that functions 
under M protein functioning conditions, i.e., permissive conditions, 
to form viral particles . When viral particles produced in this manner 
are infected under normal environment, the M protein cannot function 
and, thus, no particles are formed. 

35 The temperature-sensitive M gene mutation is not particularly 

limited, however, and includes, for example, at least one of the amino 
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acid sites selected from the group consisting of G69, T116, and A118 
from the Sendai virus M protein, preferably two sites arbitrarily 
selected from among these, and more preferably all three sites . Other 
(-) strand RNA virus M proteins comprising homologous mutations can 
5 also be used as appropriate. Herein, G69 means the 69th amino acid 
glycine in M protein, T116 the 116th amino acid threonine in M protein, 
and A183 the 183rd amino acid alanine in M protein. 

The gene encoding the M protein (i.e., the M gene) is widely 
conserved in (-) strand RNA viruses, and is known to interact with 

10 both the viral nucleocapsid and the envelope proteins (Garoff, H. et 
al., Microbiol. Mol . Biol. Rev. 62, 117-190, 1998) . The SeV M protein 
amino acid sequence 104 to 119 ( 1 04 -KACTDLRITVRRTVRA- 119 / SEQ ID 
NO: 45) is presumed to form an amphiphilic a -helix, and has been 
identified as an important region for viral particle formation (Mottet, 

15 G. et al., J. Gen. Virol. 80, 2977-2986, 1999) . This region is widely 
conserved among (-) strand RNA viruses. M protein amino acid 
sequences are similar among (-) strand RNA viruses. In particular, 
known M proteins in viruses belonging to the subfamily Paramyxovirus 
are commonly proteins with 330 to 380 amino acid residues. Their 

20 structure is similar over the whole region, though the C-end halves 
have particularly high homology (Gould, A. R., Virus Res. 43, 17-31, 
1996; Harcourt, B. H. etal., Virology 271, 334-349, 2000) . Therefore, 
for example, amino acid residues homologous to G69, T116 and A183 
of the SeV M protein can be easily identified. 

25 Amino acid residues at sites homologous to other (-) strand RNA 

virus M proteins corresponding to G69, T116 and A183 of the SeV M 
proteins can be identified by one skilled in the art through alignment 
with the SeV M protein, using an amino acid sequence homology search 
program which includes an alignment forming function, such as BLAST, 

30 or an alignment forming program, such as CLUSTAL W. Examples of 
homologous sites in M proteins that correspond to G69 in the SeV M 
protein include G69 in human parainfluenza virus-1 (HPIV-1) ; G73 in 
human parainfluenza virus-3 (HPIV-3) ; G70 in phocine distemper virus 
(PDV) and canine distemper virus (CDV) ; G71 in dolphin molbillivirus 

35 (DMV) ; G70 in peste-des-petits-ruminants virus (PDPR) , measles virus 
(MV) and rinderpest virus (RPV) ; G81 in Hendra virus (Hendra) and 
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Nipah virus (Nipah) ; G70 in human parainfluenza virus-2 (HPIV-2); 
E47 in human parainfluenza virus-4a (HPIV-4a) and human parainfluenza 
virus-4b (HPIV-4b) ; and E72 in mumps virus (Mumps) . (Descriptions 
in brackets indicate the abbreviation; letters and numbers indicate 
5 amino acids and positions.) Examples of homologous sites of M 
proteins corresponding to T116 in the SeV M protein include T116 in 
human parainfluenza virus-1 (HPIV-1) ; T120 in human parainfluenza 
virus-3 (HPIV-3) ; T104 in phocine distemper virus (PDV) and canine 
distemper virus (CDV) ; T105 in dolphin molbillivirus (DMV) ; T104 in 

10 peste-des-petits-ruminants virus (PDPR), measles virus (MV) , 
rinderpest virus (RPV) ; T120 in Hendra virus (Hendra) and Nipah virus 
(Nipah); T117 in human parainfluenza virus-2 (HPIV-2) and simian 
parainfluenza virus 5 (SV5) ; T121 in human parainfluenza virus-4a 
(HPIV-4a) and human parainfluenza virus-4b (HPIV-4b) ; T119 in mumps 

15 virus (Mumps); and S120 in Newcastle disease virus (NDV) . Examples 
of homologous sites of M proteins corresponding to A183 of SeV M 
protein are A183 in human parainfluenza virus-1 (HPIV-1); F187 in 
human parainfluenza virus-3 (HPIV-3) ; Y171 in phocine distemper virus 
(PDV) and canine distemper virus (CDV) ; Y172 in dolphin molbillivirus 

20 (DMV) ; Y171 in peste-des-petits-ruminants virus (PDPR) ; measles virus 
(MV) and rinderpest virus (RPV) ; Y187 in Hendra virus (Hendra) and 
Nipah virus (Nipah); Y184 in human parainfluenza virus-2 (HPIV-2); 
F184 in simian parainfluenza virus 5 (SV5) ; F188 in human 
parainfluenza virus-4a (HPIV-4a) and human parainfluenza virus-4b 

25 (HPIV-4b) ; F186 in mumps virus (Mumps) ; and Y187 in Newcastle disease 
virus (NDV) . Among the viruses mentioned above, viruses suitable for 
use in the present invention include those comprising genomes which 
encode an M protein mutant, where amino acid residue (s) have been 
substituted at any one of the above-mentioned three sites, preferably 

30 at an arbitrary two of these three sites, and more preferably at all 
three sites. 

An amino acid mutation includes substitution with any other 
desirable amino acid. However, the substitution is preferably with 
an amino acid having different chemical characteristics in its side 
35 chain. Amino acids can be divided into groups such as basic amino 
acids (e. g., lysine, arginine, histidine) ; acidic amino acids (e. 
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g., aspartic acid, glutamic acid); uncharged polar amino acids (e. 
g., glycine, asparagine, glutamine, serine, threonine, tyrosine, 
cysteine); nonpolar amino acids (e. g., alanine, valine, leucine, 
isoleucine, proline, phenylalanine, methionine, tryptophane) ; 
5 p-branched amino acids (e. g., threonine, valine, isoleucine); and 
aromatic amino acids (e. g., tyrosine, phenylalanine, tryptophane, 
histidine) . One amino acid residue, belonging to a particular group 
of amino acids, may be substituted for by another amino acid, which 
belongs to a different group. Specific examples include but are not 

10 limited to: substitution of a basic amino acid for an acidic or neutral 
amino acid; substitution of a polar amino acid for a nonpolar amino 
acid; substitution of an amino acid of molecular weight greater than 
the average molecular weights of 20 naturally-occurring amino acids, 
for an amino acid of molecular weight less than this average; and 

15 conversely, substitution of an amino acid of molecular weight less 
than this average, for an amino acid of molecular weight greater than 
this average. For example, Sendai virus M proteins comprising 
mutations selected from the group consisting of G69E, T116A, and A183S 
or other paramyxovirus M proteins comprising mutations at homologous 

20 positions thereto can be suitably used. Herein, G69E refers to a 
mutation wherein the 69th M protein amino acid glycine is substituted 
by glutamic acid, T116A refers to a mutation wherein the 116th M 
protein amino acid threonine is substituted by alanine, and A183S 
refers to a mutation wherein the 183rd M protein amino acid alanine 

25 is substituted by serine. In other words, G69, T116 and A183 in the 
Sendai virus M protein or homologous M protein sites in other viruses, 
can be substituted by glutamic acid (E) , alanine (A) , and serine (S) , 
respectively. These mutations are preferably utilized in 
combination, and it is particularly preferable to include all three 

30 of the above-mentioned mutations. M gene mutagenesis can be carried 
out according to a known mutagenizing method. For example, as 
described in the Examples, a mutation can be introduced by using an 
oligonucleotide containing a desired mutation. 

In the case of measles virus for example, the M gene sequence 

35 of temperature-sensitive strain P253-505, in which the epitope 
sequence of an anti-M protein monoclonal antibody has been altered, 
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can be used (Morikawa, Y. etal., Kitasato Arch . Exp. Med. 64, 15-30, 
1991) . In addition, the threonine at residue 104 of the measles virus 
M protein, or the threonine at residue 119 of the mumps virus M protein, 
which correspond to the threonine at residue 116 of the SeV M protein, 
5 may be substituted with any other amino acid (for example, alanine) . 

According to a more preferred embodiment, the vectors of the 
present invention comprise M gene deficiencies. The phrase "M gene 
deficiency' 7 refers to a lack of the function of M protein, including 
cases where the vector has an M gene comprising a functionally 

10 deficient mutation, and cases where the M gene is absent from the 
vector. A functionally deficient M gene mutation can be produced, 
for example, by deleting the M gene protein-encoding sequence, or 
by inserting another sequence. For example, a termination codon can 
be inserted partway through the M protein-encoding sequence (WO 

15 00/09700) . Most preferably, the vectors of the present invention are 
completely devoid of M protein-encoding sequences. Unlike a vector 
encoding a conditional mutant M protein, a vector without an M protein 
open reading frame (ORF) cannot produce viral particles under any 
conditions . 

20 In order to produce the vectors of the present invention, cDNAs 

encoding the paramyxovirus' genomic RNA are transcribed, in the 
presence of viral proteins necessary for the reconstitution of RNPs 
which comprise the paramyxovirus' genomic RNA, i.e., in the presence 
of N, P, and L proteins . The viral RNP may be reconstituted by forming 

25 a negative strand genome (i.e., the antisense strand that is the same 
as the viral genome) or a positive strand (the sense strand encoding 
the viral proteins) . For improved reconstitution efficiency, 
formation of the positive strand is preferable. The 3 1 -leader and 
5 '-trailer sequence at the RNA ends preferably reflects the natural 

30 viral genome as accurately as possible. To accurately control the 
5 ! -end of the transcription product, a T7 RNA polymerase recognition 
sequence may be used as a transcription initiation site to express 
the RNA polymerase in cells. The 3 '-end of the transcription product 
can be controlled, for example, by encoding a self-cleaving ribozyme 

35 onto this 3' -end, ensuring it is accurately cut (Hasan, M. K. et al., 
J. Gen. Virol. 78, 2813-2820, 1997; Kato, A. etal., EMBO J. 16, 578-587, 
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1997; Yu, D. et al., Genes Cells 2, 457-466, 1997). 

A cloning site for inserting foreign genes into cDNA that 
encodes the genomic RNA can be designed in order to facilitate 
insertion of a foreign gene . The site may be inserted at any preferred 
5 position of the protein non-coding region on the genome. 
Specifically, the site may be inserted between the 3' -leader region 
and the viral protein ORF closest to the 3' -terminus, between viral 
protein ORFs, and/or between the viral protein ORF closest to the 
5' -terminus and the 5' -trailer region. In an M gene-deficient genome, 

10 the cloning site can be designed at the deleted site of the M gene. 
The cloning site may be, for example, a recognition sequence for a 
restriction enzyme. The cloning site may be the so-called 
multi-cloning site comprising a plurality of restriction enzyme 
recognition sequences. The cloning site can be divided to exist at 

15 multiple sites on the genome so that a plurality of foreign genes 
can be inserted into different positions of the genome. 

Recombinant virus RNP lacking particle formation ability can 
be constructed according to, for example, the descriptions in "Hasan, 
M. K. et al., J. Gen. Virol. 78, 2813-2820, 1997", "Kato, A. et al., 

20 EMBO J. 16, 578-587, 1997" and "Yu, D. et al., Genes Cells 2, 457-466, 
1997" . This method is outlined below: 

To introduce a foreign gene, a DNA sample comprising the cDNA 
nucleotide sequence of the desired foreign gene is first prepared. 
The DNA sample is preferably electrophoretically identified as a 

25 single plasmid at a concentration of 25 ng/jil or more. The following 
example describes the use of the NotI site in the insertion of a foreign 
gene into DNA encoding viral genomic RNA: If the target cDNA 
nucleotide sequence comprises a NotI recognition site, this site 
should be removed beforehand using a technique such as site-specific 

30 mutagenesis to change the nucleotide sequence, without changing the 
amino acid sequence it codes. The desired gene fragment is amplified 
and recovered from this DNA sample using PCR. By attaching NotI sites 
to the 5 '-regions of the two primers, both ends of the amplified 
fragment become NotI sites. The E-I-S sequence or a part thereof is 

35 included in the primer, so that the E-I-S sequence is placed between 
both the ORFs on either side of the viral genes, and the ORF of the 
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foreign gene (after it has been incorporated into the viral genome) . 

For example, to assure cleavage by NotI, the forward side 
synthetic DNA sequence is arranged as follows: Two or more nucleotides 
(preferably four nucleotides, excluding sequences such as GCG and 
5 GCC that are derived from the NotI recognition site; more preferably 
ACTT) are randomly selected on its 5' -side, and a NotI recognition 
site "gcggccgc" is added to its 3' -side. In addition, a spacer 
sequence (nine random nucleotides, or nucleotides of nine plus a 
multiple of six) and an ORF (a sequence equivalent to about 25 
10 nucleotides and comprising the initiation codon ATG of the desired 
cDNA) are also added to the 3' -side. About 25 nucleotides are 
preferably selected from the desired cDNA, such that G or C is the 
final nucleotides on the 3' -end of the forward side synthetic oligo 
DNA. 

15 The reverse side synthetic DNA sequence is arranged as follows: 

Two or more random nucleotides (preferably four nucleotides, 
excluding sequences such as GCG and GCC that originate in the NotI 
recognition site; more preferably ACTT) are selected from the 5' -side, 
a NotI recognition site "gcggccgc" is added to the 3' -side, and an 

20 oligo DNA insertion fragment is further added to the 3' -side in order 
to regulate length. The length of this oligo DNA is designed such 
that the number of nucleotides in the final PCR-amplif ied NotI 
fragment product, which comprises the E-I-S sequence, becomes a 
multiple of six (the so-called "rule of six"; Kolakofski, D. et al., 

25 J. Virol. 72, 891-899, 1998; Calain, P. and Roux, L. , J. Virol. 67, 
4822-4830, 1993; Calain, P. and Roux, L., J. Virol. 67, 4822-4830, 
1993) . A sequence complementary to the Sendai virus S sequence, 
preferably 5' -CTTTCACCCT-3' (SEQ ID NO: 8), a sequence complementary 
to the I sequence, preferably 5'-AAG-3' , and a sequence complementary 

30 to the E sequence, preferably 5' -TTTTTCTTACTACGG-3' (SEQ ID NO: 9), 
are further added to the 3' -side of the inserted oligo-DNA fragment. 
When these primers to which E-I-S sequence is added are used, the 
3' -end of the reverse side synthetic DNA is formed by the addition 
of a complementary sequence, equivalent to about 25 nucleotides 

35 counted in reverse from the termination codon of the desired cDNA, 
and whose length is selected such that G or C becomes the final 
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nucleotide . 

PCR can be carried out according to a usual method with Taq 
polymerase or such. Desired fragments thus amplified are digested 
with NotI, and then inserted into the NotI site of the plasmid vector 
5 pBluescript. The nucleotide sequences of the PCR products thus 
obtained are confirmed using a sequencer to select a plasmid 
comprising the correct sequence. The inserted fragment is excised 
from the plasmid using NotI, and cloned to the NotI site of the plasmid 
carrying the genomic cDNA. Alternatively, recombinant Sendai virus 

10 cDNA can be obtained by directly inserting the fragment into the NotI 
site, without the mediation of the plasmid vector. 

For example, a recombinant Sendai virus genome cDNA can be 
constructed according to the method described in the references (Yu, 
D. et al., Genes Cells 2, 457-466, 1997; Hasan, M. K. et al. f J. Gen. 

15 Virol. 78, 2813-2820, 1997). For example, an 18 -bp spacer sequence 
comprising a NotI restriction site ( 5 1 - ( G ) -CGGCCGCAGATCTTCACG- 3 1 ) 
(SEQ ID NO: 10) is inserted into a cloned Sendai virus genome cDNA 
(pSeV(-f)) between the leader sequence and the ORF of N protein, and 
thus a plasmid pSeV18 + b( + ) containing a self-cleaving ribozyme site 

20 derived from the antigenomic strand of delta-hepatitis virus is 
obtained (Hasan, M. K. et al. r J. General Virology 78, 2813-2820, 
1997) . 

In addition, for. example, in the case of M gene deletion, or 
introduction of a temperature-sensitive mutation, the cDNA encoding 

25 genomic RNA is digested by a restriction enzyme, and the M 
gene-comprising fragments are collected and cloned into an 
appropriate plasmid. M gene mutagenesis or construction of an M 
gene-deficient site is carried out using such a plasmid. The 
introduction of a mutation can be carried out, for example, using 

30 a QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, 
CA) according to the method described in the kit directions. For 
example, M gene deficiency or deletion can be carried out using a 
combined PCR-ligation method, whereby deletion of all or part of the 
M gene ORF, and ligation with an appropriate spacer sequence, can 

35 be achieved. After obtaining an M gene-mutated or -deficient 
sequence, fragments comprising the sequence are recovered, and the 
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M gene region in the original full-length cDNA is substituted by this 
sequence. Thus, a viral genome cDNA comprising a mutated M gene, can 
be prepared. Using similar methods, mutation can be introduced into, 
for example, F and/or HN genes. 
5 The vectors of this invention can be reconstituted by 

intracellularly transcribing DNAs encoding the genomic RNAs in the 
presence of the viral protein. The present invention provides DNAs 
encoding the viral genomic RNAs of the vectors of this invention, 
which are used to produce the vectors of this invention. Furthermore, 

10 the present invention relates to the use of DNAs encoding the genomic 
RNAs of the vectors for producing the vectors of this invention. Viral 
reconstitution from (-) strand virus' genomic cDNAs can be carried 
out using known methods (WO 97/16539; WO 97/16538; Durbin, A. P. et 
al., Virology 235, 323-332, 1997; Whelan, S. P. et al., Proc. Natl. 

15 Acad. Sci. USA 92, 8388-8392, 1995; Schnell. M. J. et al., EMBO J. 
13, 4195-4203, 1994; Radecke, F. etal., EMBO J. 14, 5773-5784, 1995; 
Lawson, N. D. et al., Proc. Natl. Acad. Sci. USA 92, 4477-4481, 1995; 
Garcin, D. et al., EMBO J. 14, 6087-6094, 1995; Kato, A. etal., Genes 
Cells 1, 569-579, 1996; Baron, M. D. and Barrett, T., J. Virol. 71, 

20 1265-1271, 1997; Bridgen, A. and Elliott, R. M . , Proc. Natl. Acad. 
Sci. USA 93, 15400-15404, 1996). Using these methods, (-)strandRNA 
viruses, or RNP as viral components, can be reconstituted from their 
DNA, including viruses such as parainfluenza virus, vesicular 
stomatitis virus, rabies virus, measles virus, rinderpest virus, 

25 Sendai virus, etc. The vectors of the present invention can be 
reconstituted according to these methods. 

Specifically, the vectors of the present invention can be 
produced by the steps of: (a) transcribing the cDNA, which encodes 
the paramyxoviral genomic RNA (negative strand RNA) or its 

30 complementary strand (positive strand) , in cells expressing N, P, 
and L proteins; and (b) collecting a complex, which comprises the 
genomic RNA, from the cells or their culture supernatant. The 
transcribed genomic RNA is replicated in the presence of N, L, and 
P proteins to form the RNP complex. When step (a) is performed in 

35 the presence of a protease that cleaves the modified F protein encoded 
by the genome, the resulting RNP is transferred to cells that are 
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in contact with the cells, infection spreads, and the vector is 
amplified. According to this method, the vectors of this invention 
can be produced in RNP form in spite of the absence of a functional 
M protein. 

5 Enzymes needed for the initial transcription of the genomic RNA 

from DNA, such as T7 RNA polymerase, can be provided by transfecting 
plasmids or viral vectors that express the enzymes. Alternatively, 
the enzymes can be provided by incorporating their genes into the 
chromosome of cells to allow expression to be induced during virus 

10 reconstitution . Furthermore, viral proteins necessary for genomic 
RNA and vector reconstitution are provided, for example, by 
introducing plasmids that express these proteins. To provide these 
viral proteins, helper viruses such as wild-type paramyxovirus or 
certain kinds of mutant paramyxovirus may be used. However, since 

15 this causes contamination by these viruses, the use of helper viruses 
is not preferred. 

Methods for transferring DNAs which express genomic RNAs into 
cells include, for example, the following: 1) the method for preparing 
DNA precipitates that can be taken up by objective cells; 2) the method 

2 0 for preparing a positively charged DNA-comprising a complex which 
has low cytotoxicity and can be taken up by target cells; and 3) the 
method for using electric pulses to instantaneously open holes in 
target cell membranes so that DNA molecules can pass through. 

In the above method 2) , a variety of transfection reagents can 

25 be utilized, examples including DOTMA (Roche), Superfect (QIAGEN 
#301305), DOTAP, DOPE, DOSPER (Roche #1811169), etc. An example of 
method 1) is a transfection method using calcium phosphate, in which 
DNA that enters cells is incorporated into phagosomes, but is also 
incorporated into the nuclei at sufficient amounts (Graham, F. L. 

30 and Van Der Eb f J., Virology 52, 456, 1973; Wigler, M. and Silverstein, 
S., Cell 11, 223, 1977). Chen and Okayama have investigated the 
optimization of this transfer technique, reporting that optimal 
precipitates can be obtained under conditions wherein 1) cells are 
incubated with co-precipitates in an atmosphere of 2% to 4% C0 2 at 

35 35°C for 15 to 24 hours; 2) circular DNA having a higher activity 
than linear DNA is used; and 3) DNA concentration in the precipitate 
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mixture is 20 to 30 jig/ml (Chen, C. and Okayama, H., Mol . Cell. Biol. 
7, 2745, 1987) . Method 2) is suitable for transient transf ection . 
In an older known method, a DEAE-dextran (Sigma #D-9885, M.W. 5x 10 5 ) 
mixture is prepared in a desired DNA concentration ratio, and 
5 transf ection is performed. Since many complexes are decomposed 
inside endosomes, chloroquine may be added to enhance results (Calos, 
M. P., Proc. Natl. Acad. Sci . USA 80, 3015, 1983). Method 3) is 
referred to as electroporation,' and is more versatile than methods 
1) and 2) because it doesn't involve cell selectivity. Method 3) is 
10 said to be efficient when conditions are optimal for pulse electric 
current duration, pulse shape, electric field potency (the gap between 
electrodes, voltage), buffer conductivity, DNA concentration, and 
cell density. 

Of the above three categories, method 2) is easily operable, 

15 and facilitates examination of many test samples using a large numbers 
of cells. Transf ection reagents are therefore suitable for cases 
where DNA is introduced into cells for vector reconstitution . 
Preferably, Superfect Transfection Reagent (QIAGEN, Cat. No. 301305) 
or DOSPER Liposomal Transfection Reagent (Roche, Cat. No. 1811169) 

20 is used, but the transfection reagents are not limited thereto. 

Specifically, the reconstitution of viral vectors from cDNA can 
be performed, for example, as follows: 

Simian kidney-derived LLC-MK2 cells are cultured to 
approximately 100% confluency in 24-well to 6-well plastic culture 

25 plates, or 100 mm diameter culture dishes and such, using a minimum 
essential medium (MEM) containing 10% fetal calf serum (FCS) and 
antibiotics (100 units/ml penicillin G and 100 fig /ml streptomycin) . 
These cells are then infected, for example, at 2 PFU/cell with 
recombinant vaccinia virus vTF7-3 expressing T7 polymerase. This 

30 virus has been inactivated by UV irradiation treatment for 20 minutes 
in the presence of 1 ng/ml psoralen (Fuerst, T. R. etal., Proc. Natl. 
Acad. Sci. USA 83, 8122-8126, 1986; Kato, A. et al., Genes Cells 1, 
569-579, 1996) . The amount of psoralen added and the UV irradiation 
time can be appropriately adjusted. One hour after infection, the 

35 lipofection method or the like is used to transfect cells with 2 jig 
to 60 jig, more preferably 3 jig to 20 jag, of the above-described DNA, 
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which encodes the genomic RNA of the recombinant Sendai virus . Such 
methods use Superfect (QIAGEN) , and plasmids which express the 
trans-acting viral proteins required for the production of viral RNP 
(0.5 ^g to 24 jig of pGEM-N, 0.25 ^g to 12 jig of pGEM-P and 0.5 |ig to 
5 24 jig of pGEM-L) (Kato, A. et al., Genes Cells 1, 569-579, 1996). 
The ratio of expression vectors encoding N, P, and L is preferably 
2:1:2. The amount of plasmid is appropriately adjusted, for example, 
to 1 jig to 4 (ig of pGEM-N, 0 . 5 \xq to 2 jig of pGEM-P, and 1 fig to 4 
jig of pGEM-L. 

10 The transfected cells are cultured in a serum-free MEM 

containing 100 . fig /ml each of rifampicin (Sigma) and cytosine 
arabinoside (AraC) if desired, more preferably containing only 40 
|Lig/ml of cytosine arabinoside (AraC) (Sigma) . Reagent 
concentrations are optimized for minimum vaccinia virus-caused 

15 cytotoxicity, and maximum recovery rate of the virus (Kato, A. et 
al. f Genes Cells 1, 569-579, 1996). After transf ection, cells are 
cultured for about 4 8 hours to about 72 hours, recovered, and then 
disrupted by three repeated freezing and thawing cycles. LLC-MK2 
cells are re-transf ected with the disrupted cells and then cultured. 

20 RNP may be introduced to cells as a complex formed together with, 
for example, lipof ectamine and a polycationic liposome. 
Specifically, a variety of transfection reagents can be utilized. 
Examples of these are DOTMA (Roche) , Superfect (QIAGEN #301305) , DOTAP, 
DOPE, DOSPER (Roche #1811169), etc. Chloroquine may be added to 

25 prevent RNP decomposition in endosomes (Calos, M. P., Proc. Natl. 
Acad. Sci. USA 80, 3015, 1983). In cells transfected with RNP, the 
steps of expressing viral genes from RNP and replicating RNP proceed 
to amplify the vector. By diluting the obtained cell lysate and 
repeating amplification, vaccinia virus vTF7-3 can be completely 

30 removed. Reamplif ication may be repeated, for example, 3 times or 
more. The obtained RNP can be stored at -80 °C. 

Host cells used for reconstitution are not restricted so long 
as the viral vector can be reconstituted. For example, in the 
reconstitution of the Sendai virus vector and such, monkey 

35 kidney-derived LLC-MK2 cells and CV-1 cells, cultured cells such as 
hamster kidney-derived BHK cells, human-derived cells, and such, can 
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be used. By expressing a suitable envelope protein in these cells, 
infective virions comprising this protein in the envelope can be 
obtained. 

When the M gene in the viral genome is defective or deleted, 
5 viral particles are not formed from cells infected with such virus. 
Therefore, even though the vectors of this invention can be prepared 
as RNP or cells comprising RNP by the methods as described above, 
the vectors cannot be prepared as viral particles. Furthermore, 
after the transfection of RNPs, RNPs that proliferated in the cell 

10 are transmitted only to contacting cells. Therefore, infection 
spreads slowly which makes the production of large amounts of viral 
vector in high titers difficult. The present invention provides a 
method for producing the vectors of this invention as viral particles. 
Viral particles are more stable in solution as compared to RNPs. In 

15 addition, by letting the viral particles have inf ectivity, the vectors 
can be introduced to target cells through simple contact without a 
transfection reagent and such. Therefore, the viral particles are 
particularly useful in industrial application. As a method for 
producing the vectors of this invention as viral particles, the virus 

20 is reconstituted under permissive conditions using a viral genome 
comprising an M gene having a conditional mutation. Specifically, 
the M protein functions to form particles by culturing cells 
transfected with a complex obtained through the above-described step 
(a) or steps (a) and (b) under permissive conditions. A method for 

25 producing viral particles that comprise genomic RNA encoding the 
mutant M protein having conditional mutation comprises the steps of: 
(i) amplifying the RNP, which comprises N, P, and L proteins of 
paramyxovirus and the genomic RNA, intracellularly under conditions 
permissive for the mutant M protein; and (ii) collecting viral 

30 particles released into the cell culture supernatant. For example, 
a temperature-sensitive mutant M protein may be cultured at its 
permissive temperature . 

Another method for producing the vectors of the present 
invention as viral particles uses helper cells that express the M 

35 protein. By using M helper cells, the present inventors produced a 
vector wherein the cleavage site of the F protein is modified to a 
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sequence that is cleaved by another protease and the M gene is mutated 
or deleted as viral particles. Since the method of this invention 
does not require a helper virus, such as the wild-type paramyxovirus, 
contamination by an M gene-comprising virus having particle forming 
5 ability does not occur. Thus, the vectors of this invention can be 
prepared in a pure form. The present invention provides viral 
particles which comprises (i) a genomic RNA of paramyxovirus wherein 

(a) a nucleic acid encoding the M protein is mutated or deleted, and 

(b) a modified F protein whose cleavage site sequence is substituted 
10 with a sequence that is cleaved by a protease that does not cleave 

the wild-type F protein is encoded, further wherein the viral 
particle: (1) has the ability to replicate the genomic RNA in a cell 
transfected with the viral particle; (2) shows significantly 
decreased or eliminated production of a viral particle in the 

15 intrahost environment; and (3) has the ability to introduce the 
genomic RNA in a cell that contacts with the cell transfected with 
the viral particle comprising the genomic RNA in the presence of the 
protease. According to a preferred embodiment, such viral particle 
will not produce viral particles. 

20 A method for producing the viral particles of this invention 

in cells expressing a functional M protein may comprise the steps 
of: (i) amplifying the RNP, comprising N, P, and L proteins of the 
paramyxovirus, and the genomic RNA in cells expressing wild-type M 
protein of paramyxovirus or equivalent proteins thereto; and 

25 (ii) collecting the viral particles released into the cell culture 
supernatant. So long as the wild-type M protein has activity to form 
viral particles, it may be derived from a paramyxovirus from which 
the genomic RNA is not derived. Furthermore, a tag peptide and such 
may be added to the protein, or alternatively, when it is expressed 

30 through an appropriate expression vector, a linker peptide derived 
from the vector may be added to the protein. As described above, the 
protein to be used does not have to be the wild-type M protein itself 
but may be a protein having viral particle-forming ability equivalent 
to the wild-type protein. A viral particle produced from M 

35 protein-expressing cells comprises the M protein expressed in these 
cells in its envelope; however, it does not comprise the gene encoding 
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this protein. Therefore, the wild-type M protein is no longer 
expressed in cells .infected with this virus. Thus, viral particles 
cannot be formed. 

Production of helper cells expressing the M protein can be 
5 performed as described below. To prepare a vector that expresses the 
M protein in an inducible fashion, for example, inducible promoters 
or expression regulating systems using recombination (such as 
Cre/loxP) are used. A Cre/loxP inducible expression plasmid can be 
constructed using, for example, a plasmid pCALNdlw, which has been 

10 designed to inducibly express gene products using Cre DNA recombinase 
(Arai, T. et al., J. Virology 72, 1115-1121, 1998) . As cells capable 
of expressing M proteins, helper cell lines capable of persistently 
expressing M proteins are preferably established by inducing M genes 
introduced into their chromosomes. For example, the monkey 

15 kidney-derived cell line LLC-MK2 or the like can be used for such 
cells. LLC-MK2 cells are cultured at 37 °C in MEM containing 10% 
heat-treated immobilized fetal bovine serum (FBS) , 50 units/ml sodium 
penicillin G, and 50 fig/ml streptomycin, under an atmosphere of 5% 
C0 2 . The above-mentioned plasmid, which has been designed to 

20 inducibly express the M gene products with Cre DNA recombinase, is 
introduced into LLC-MK2 cells using the calcium-phosphate method 
(mammalian transfection kit (Stratagene) ) according to a known 
protocol . 

For example, 10 ng of M-expression plasmid may be introduced 
25 into LLC-MK2 cells grown to be 40% confluent in a 10-cm plate. These 
cells are then incubated in an incubator at 37 °C, in 10 ml of MEM 
containing 10% FBS and under 5% CO2. After 24 hours of incubation, 
the cells are harvested and suspended in 10 ml of medium. The 
suspension is then plated onto five dishes of 10-cm diameter: 5 ml 
30 of the suspension are added to one dish, 2 ml to two dishes, and 0.2 
ml to two dishes. The cells in each dish are cultured with 10 ml of 
MEM containing 10% FBS and 1200 ^g/ml G418 (GIBCO-BRL) for 14 days; 
the medium is changed every two days. Thus, cell lines in which the 
gene has been stably introduced are selected. The G418-resistant 
35 cells grown in the medium are harvested using cloning rings. Cells 
of each clone harvested are further cultured to confluence in a 10-cm 
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plate . 

High level expression of the M protein in helper cells is 
important in recovering a high titer virus. For this purpose, for 
example, the above selection of M-expressing cells is preferably 
5 carried out twice or more. For example, an M-expressing plasmid 
comprising a drug-resistance marker gene is transfected, and cells 
comprising the M gene are selected using the drug. Following this, 
an M-expressing plasmid comprising a marker gene resistant to a 
different drug is transfected into the same cells, and cells are 

10 selected using this second drug-resistance marker. Cells selected 
using the second marker are likely to express M protein at a higher 
level than cells selected after the first transf ection . Thus, 
M-helper cells constructed through twice-repeated transf ections can 
be suitably applied. Since the M-helper cells can simultaneously 

15 express the F gene, production of infective viral particles deficient 
in both F and M genes is possible (WO 03/025570) . In this case, 
transfection of the F-gene-expressing plasmids more than twice is 
also suggested to raise the level of F protein expression induction. 
The genes of modified F proteins as described herein can be used as 

2 0 F genes. 

An M protein induction expression may be achieved by incubating 
cells to confluence in a 6-cm dish, and then, for example, infecting 
these cells with adenovirus AxCANCre at MOI= -3, according to the 
method of Saito et al. (Saito et al. , Nucleic Acids Res . 23, 3816-3821, 

25 1995; Arai, T. et al., J. Virol. 72, 1115-1121, 1998). 

To produce the virus particles of the present invention using 
cells that express wild-type M protein or an equivalent protein (M 
helper cells) , the above-described RNP of the present invention may 
be introduced into these cells and then cultured. RNP can be 

30 introduced into M helper cells, for example, by the transfection of 
RNP-containing cell lysate into M helper cells, or by cell fusion 
induced by the co-cultivation of RNP-producing cells and M helper 
cells. It can also be achieved by transcribing genomic RNA into M 
helper cells and conducting de novo RNP synthesis under the presence 

35 of N, P, and L proteins. 

Above-described step (i) (the step of amplifying RNP using an 
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M helper cell) is preferably carried out at a low temperature in the 
present invention. In the production of a vector using a 
temperature-sensitive mutant M protein, the process of producing 
viral particles is necessarily carried out at temperatures below the 
5 permissive temperature. However, surprisingly, the present 
inventors found that in the present method, efficient particle 
production was possible when the process of viral particle formation 
was carried out at low temperatures, even when using the wild-type 
M protein. In the context of the present invention, the term "low 

10 temperature" means 35°C or less, preferably 34 °C or less, more 
preferably 33°C or less, and most preferably 32°C or less. 

According to the present invention, viral particles can be 
released into the external fluid of virus-producing cells, for example, 
at a titer of lx 10 5 ClU/ml or more, preferably lx 10 6 ClU/ml or more, 

15 more preferably 5x 10 6 ClU/ml or more, more preferably lx 10 7 ClU/ml 
or more, more preferably 5x 10 7 ClU/ml or more, more preferably lx 
10 8 ClU/ml or more, and more preferably 5x 10 8 ClU/ml or more. The 
virus titer can be measured by the methods described in the 
specification and other literature (Kiyotani, K. et al., Virology 

20 177(1), 65-74, 1990; WO 00/70070). 

One preferred embodiment of a method for reconstituting a 
recombinant viral vector from the M-deficient viral genome cDNA is 
as follows: Namely, the method comprises the steps of (a) 
transcribing a DNA encoding the (negative-stranded or 

25 positive-stranded) genomic RNA in cells expressing the viral proteins 
necessary for the formation of infective viral particles (i.e., NP, 
NP, P, L, M, F, and HN proteins); (b) co-culturing these cells with 
cells expressing chromosomally integrated M gene (i.e., M helper 
cells) ; (c) preparing a cell extract from this culture; (d) 

30 transfecting the cells expressing the chromosomally integrated M gene 
(i.e., M helper cells) with the extract and culturing these cells; 
and (e) recovering viral particles from the culture supernatant. 
Step (d) is preferably carried out under the low temperature 
conditions described above. The obtained viral particles can be 

35 amplified by re-infection of helper cells (preferably at low 
temperatures) . Specifically, the virus can be reconstituted 
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according to the description in the Examples. The recovered viral 
particles can be diluted and then infected again to M helper cells 
to be amplified. This amplification step can be performed repeatedly 
two or three times or more. The obtained virus stock can be stored 
5 at -80°C. The virus titer can be determined by measuring the 
hemagglutination activity (HA) . HA can be determined by the 
"end-point dilution method" . 

Specifically, first, LLC-MK2 cells are plated onto a 100-mm dish 
at a density of 5x 10 6 cells/dish. When inducing the transcription 

10 of genomic RNA using T7 RNA polymerase, cells may be cultured for 
24 hours and then infected at room temperature for one hour with T7 
polymerase-expressing recombinant vaccinia virus (PLWUV-VacT7 ) at 
MOI= approximately 2, which has been treated with psoralen and 
long-wavelength ultraviolet light (365 nm) for 20 minutes (Fuerst, 

15 T.R. etal., Proc. Natl. Acad. Sci. USA 83, 8122-8126, 1986). After 
the cells are washed with serum-free MEM, plasmids expressing the 
genomic RNA and plasmids expressing the N, P, L, F, and HN proteins 
of paramyxoviruses, respectively, are used to transfect cells using 
appropriate lipofection reagents. The ratio of plasmids can be, for 

20 example, 6 : 2 : 1 : 2 : 2 : 2, but it is not limited thereto. After culturing 
for five hours, the cells are washed twice with serum-free MEM, and 
then cultured in MEM containing 4 0 |ig/ml 

cytosine-p-D-arabinofuranoside (AraC, Sigma, St. Louis, MO) and 7 . 5 
jig/ml trypsin (GIBCO-BRL, Rockville, MD) . After culturing for 24 

25 hours, the cells are overlaid with cells that continuously express 
M protein (M helper cells) , at a density of about 8 . 5x 10 6 cells/dish, 
and then cultured for a further two days at 37°C in MEM containing 
40 )ng/ml AraC and 7.5 fig/ml trypsin (P0) . The cultured cells are 
collected and the precipitate is suspended in 2 ml/dish OptiMEM. 

30 After repeating the cycle of freezing and thawing for three times, 
the lysate is directly transfected to the M helper cells and the cells 
are cultured at 32 °C in serum-free MEM containing 4 0 |ig/mL AraC and 
proteases that cleaves the F protein (PI) . A portion of the culture 
supernatant is collected three to 14 days later, infected into freshly 

35 prepared M helper cells, and then cultured at 32°C in serum-free MEM 
containing 40 ^g/mL AraC and the protease (P2) . Three to 14 days later, 



60 



freshly prepared M helper cells are reinfected, and cultured in the 
presence (for preparing F-cleaved virus) or absence (for preparing 
F-uncleaved viral particle) of the protease for three to seven days 
at 32 °C using serum-free MEM (P3) . By repeating the reamplif ication 
5 three times or more, the initially used vaccinia virus can be 
completely eliminated. BSA is added to the collected culture 
supernatant at a final concentration of 1%, and this is stored at 
-80°C. 

The viral particle of this invention may be an infectious 

10 particle whose modified F protein is cleaved, or may be a potentially 
infectious viral particle having no infectivity in its initial form 
but becoming infective upon treatment with a protease that cleaves 
the modified F protein. The modified F protein encoded by the genome 
exists on the envelope of the viral particle; however, it lacks 

15 infectivity when left uncleaved. This kind of virus acquires 
infectivity though the treatment with a protease that cleaves the 
cleavage sequence of this modified F protein, or through contact with 
cells or tissues in the presence of the protease to cleave the F protein . 
In order to obtain viral particles whose modified F protein is not 

20 cleaved through the above virus production using virus producing cells, 
the final step of virus amplification step may be performed in the 
absence of proteases that cleave the modified F protein. On the other 
hand, preparation of the virus in the presence of the protease allows 
production of infective viral particles with cleaved F protein. 

25 Furthermore, by expressing, in the cell, an envelope protein 

that is not encoded in the viral genome during viral particle 
production, a viral particle comprising this protein in its envelope 
can be produced. An example of such an envelope protein is the 
wild-type F protein. The viral particle produced in this manner 

30 encodes the modified F protein on its genomic RNA and carries the 
wild-type F protein in addition to this modified protein on its 
envelope. By providing the wild-type F protein in trans at the step 
of viral particle production and amplifying in the presence of trypsin 
that cleaves the protein, the viral particles become infective through 

35 the cleavage of the wild-type F protein on the viral particles. 
According to this method, even if a protease that cleaves the modified 
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F protein is not used, infective viral particles can be prepared at 
high titers. Therefore, the viral particles of this invention may 
be viral particles comprising the wild-type F protein of a 
paramyxovirus. The wild-type F protein does not necessarily have to 
5 be derived from the same type of paramyxovirus as the viral genome, 
and may be an envelope protein from another paramyxovirus. 

Moreover, viral particles comprising any desired viral envelope 
protein other than the wild-type F protein in the envelope can be 
produced. Specifically, during reconstitution of the virus, the 

10 desired envelope protein may be expressed in cells to produce viral 
vectors comprising this envelope protein. There are no particular 
limitations to these proteins. A preferred example includes the G 
protein (VSV-G) of vesicular stomatitis virus (VSV) . The viral 
particles of the present invention comprise pseudotype viral vectors 

15 which comprise envelope proteins, such as the VSV-G protein, derived 
from viruses other than the virus from which the genomic RNA has been 
derived. As in the case with the wild-type F protein, this protein 
will not be expressed from the viral vector after infection of the 
viral particle into cells, since this envelope protein is not encoded 

20 on the genomic RNA of the virus. 

The viral particles of this invention may comprise chimeric 
proteins, for example, which comprise on the extracellular region, 
one or more proteins that can adhere to specific cells on the surface 
of the envelope, such as adhesion factors, ligands, receptors, and 

25 antibodies or fragments thereof, and polypeptides derived from the 
viral envelope in the intracellular region. This enables the 
production of vectors that infect specific tissues as targets. These 
can be provided in trans by intracellular expression during 
reconstitution of the viral vectors. Specific examples include 

30 fragments comprising the receptor binding domain of soluble factors 
such as cytokines, or antibody fragments against cell surface proteins 
(WO 01/20989) . 

When preparing a vector having deficient viral genes, for 
example, two or more vector types, each of which has a different 
35 deficient viral gene in its viral genome, may be introduced into the 
same cells. Each deficient viral protein is then expressed and 
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supplied by the other vector. This mutual complementation results 
in the formation of infective viral particles, and the viral vector 
can be amplified in the replication cycle. Namely, when two or more 
types of vector of the present invention are inoculated in combination 
5 to complement viral proteins, mixed viral gene-deficient viral 
vectors can be produced on a large scale and at a low cost. As these 
viruses lack viral genes, their genome is smaller than that of an 
intact virus, and they can thus comprise larger foreign genes. In 
addition, co-inf ectivity is difficult to maintain in these viruses, 

10 which are non-propagative due to viral gene deficiency and diluted 
outside of cells. Such vectors are thus sterile, which is 
advantageous from the viewpoint of controlling environmental release . 

Large amounts of a viral vector may be obtained by infecting 
the viral vector obtained by the above-described method into 

15 embryonated chicken eggs to amplify the vector. For example, M 
gene-transgenic chickens can be generated and the vectors may be 
inoculated to the chicken eggs for amplification. The basic method 
for producing viral vectors using chicken eggs has already been 
developed ( "Shinkei-kagaku Kenkyu-no Saisentan Protocol III, Bunshi 

20 Shinkei Saibou Seirigaku (Leading edge techniques protocol III in 
neuroscience research, Molecular, Cellular Neurophysiology ) ", 
edited by Nakanishi, et al., KOSEISHA, Osaka, pp. 153-172, 1993). 
Specifically, for example, fertilized eggs are moved to an incubator 
and the embryo is grown under culture for nine to twelve days at 37 °C 

25 to 38 °C. The viral vector is then inoculated into the allantoic 
membrane cavity, the egg is incubated for a few days to proliferate 
the viral vector. The allantoic fluid containing the virus is then 
collected. Conditions such as culture duration change according to 
the recombinant virus amplified. Separation and purification of the 

30 viral vector from the allantoic fluid is done according to 
conventional methods ("Protocols of Virology" by Masato Tashiro, 
edited by Nagai and Ishihama, Medical View, pp. 68-73, 1995). 

The recovered virus vectors can be purified to substantial 
purity. Purification can be performed by known purification and 

35 separation methods including filtration, centrif ugation, column 
chromatographic purification, and such, or combinations thereof. 
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The phrase "substantial purity" used herein means that the virus 
vectors, as components, are the main proportion of the sample in which 
they exist. Typically, substantially pure viral vectors can be 
detected by confirming that the ratio of virus-derived protein to 
5 total protein in the sample (except protein added as a carrier or 
stabilizer) is 10% or more, preferably 20% or more, more preferably 
50% or more, more preferably 70% or more, more preferably 80% or more, 
and even more preferably 90% or more. Specifically, paramyxoviruses 
can be purified, for example, by a method in which cellulose sulfate 

10 ester or crosslinked polysaccharide sulfate ester is used (JP-B No. 
Sho 62-30752; JP-B Sho 62-33879; JP-B Sho 62-30753), a method in which 
adsorption to fucose sulf ate-containing polysaccharide and/or a 
decomposition product thereof is used (WO 97/32010), etc. 

The M gene-deficient vector whose F cleavage site Is modified 

15 transmits the vector intracellularly , in the presence of a specific 
protease, by cell fusogenic infection alone. Therefore, the vector 
of this invention is useful in gene therapy targeting tissues 
expressing a certain protease. Normal vectors enable gene transfer 
into the surface layer of the target tissue; however, they are 

20 incapable of penetrating to the interior of the tissue. On the other 
hand, the vectors of this invention have the ability infiltrate deeply 
into target tissues having enhanced protease activity. For example, 
the vectors of this invention can be transmitted to the interior of 
cancer cells deeply infiltrated into normal tissues by infecting to 

25 a portion of vector-inf ectable cancer cells at the surface layer. 

The vectors of the present invention can be applied to cancer, 
arteriosclerosis, articular diseases such as rheumatoid arthritis 
(RA) , and the like. For example, in articular diseases such as RA, 
destruction of the higher order structure of the cartilage by 

30 extracellular matrix degradation proceeds as described above, and 
the joint is destroyed. By removing cells whose ECM degradation 
enzyme activity is enhanced through the vector of this invention, 
articular destruction is expected to be diminished. Furthermore, in 
arteriosclerosis, accumulation of macrophage-derived foam cells 

35 proceeds. The foam cells secrete a large amount of metalloproteinase 
and, as a result, destroy the fibrous hyperplasia to cause plaque 
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breakdown. By killing the macrophages that express MMP using the 
vectors of this invention, treatment of such arteriosclerosis is 
achieved. Moreover, as described below, various proteases are 
activated in cancer. The vectors of this invention are useful as 
5 therapeutic vectors that infect and infiltrate in a cancer-specific 
manner. 

To produce a composition comprising a vector of the present 
invention, the vector can be combined, as necessary, with a desired 
pharmaceutically acceptable carrier or solvent. A "pharmaceutically 

10 acceptable carrier or solvent" refers to a material that can be 
administered along with the vector and that does not significantly 
inhibit gene transfer of that vector. For example, vectors can be 
formulated into compositions by appropriately diluting with 
physiological saline, phosphate-buff ered physiological saline (PBS), 

15 or such. When the vectors are propagated in chicken eggs or such, 
the composition may contain allantoic fluid. Furthermore, 
compositions comprising the vector may contain carriers or solvents 
such as deinonized water and 5% dextrose solution. In addition to 
these, the composition can contain vegetable oil, suspending agents, 

20 detergents, stabilizers, biocides, etc. Further, preservatives and 
other additives can be added to the composition. Compositions 
comprising the present vectors are useful as reagents and 
pharmaceuticals . 

Vector dosage depends on the type of disease, the patient's 

25 weight, age, sex and symptoms, the purpose of administration, the 
dosage form of the composition to be administered, the method for 
administration, type of gene to be introduced, etc. However, those 
skilled in the art can routinely determine the proper dosage. The 
administration dose of a vector is preferably within about 10 5 to 10 11 

30 ClU/ml, more preferably within about 10 7 to 10 9 CIU/ml, most preferably 
within about lx 10 8 to 5x 10 8 ClU/ml. It is preferable to administer 
the vector mixed with pharmaceutically acceptable carriers. For 
administration to carcinoma tissues, vectors can be administered to 
multiple points in the target site so that they distribute uniformly. 

35 The preferred dose for each administration to a human individual is 
2x 10 9 to 2x 10 10 CIU. Administration can be carried out one or more 
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times within the limits of clinically acceptable side effects. The 
frequency of daily administration can be similarly determined. When 
administering the viral vector to animals other than humans, for 
example, the dose to be administered can be determined by converting 
5 the above dose based on the weight ratio, or the volume ratio of the 
administration target sites (for example, an average value) between 
the target animals and humans. Compositions comprising the vectors 
of the present invention can be administered to all mammalian species 
including humans, monkeys, mice, rats, rabbits, sheep, cattle, dogs, 
10 etc. 

The vectors of this invention are particularly useful in 
treating cancer. Cells infected with the vectors of this invention 
form syncytia by cell fusion under the presence of a protease. 
Utilizing this characteristic, the vectors of this invention can be 

15 used for treating cancers with enhanced activity of a specific 
protease. The present invention provides therapeutic compositions 
for cancers which comprise pharmaceutically acceptable carriers and 
the vectors of this invention encoding an F protein that is cleaved 
by a protease showing enhanced activity in cancers. Furthermore, the 

20 present invention relates to the use of the vectors in producing 
therapeutic compositions for cancer. The present invention further 
provides methods for treating cancer which comprise the step of 
administering such vectors to cancer tissues. Since the activity of 
ECM degradation enzyme is enhanced in infiltrating and metastatic 

25 malignant cancers, a vector comprising the gene of an F protein that 
is cleaved by ECM degradation enzyme can be used for specific infection 
to malignant cancers to cause death of the cancer tissues. 

A vector of the present invention can further comprise foreign 
genes. The foreign gene may be a marker gene for monitoring infection 

30 by the vector or a therapeutic gene for cancer. Examples of 
therapeutic genes include cell-inducible genes for apoptosis and 
such; genes encoding cytotoxic proteins; cytokines; and hormones. 
The administration of the vectors of this invention to cancers can 
be direct (in vivo) administration to cancers or indirect (ex vivo) 

35 administration, wherein the vector is introduced into patient-derived 
cells or other cells, and the cells are then injected to cancers. 
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The targeted cancer may be any cancer in which the activity of 
a specific protease is enhanced. Examples include most invasive and 
metastatic malignant tumors (lung cancer, gastric cancer, colon 
cancer, esophageal cancer, breast cancer, and such) . However, 
5 proteases such as MMP, uPA, and tPA are expressed at low levels in 
some malignant cancers. Therefore, whether the cancer can be 
targeted is judged according to presence or absence of enhanced 
protease activity. The vectors of this invention are particularly 
useful for application to a cancer that has infiltrated to the 
10 submucosal layer in esophageal cancer, colon cancer progressed in 
the intrinsic sphincter to stage III and IV cancer, and invasive 
melanoma deeply infiltrated so that it cannot be completely removed 
by surgery. 

15 Brief Description of the Drawings 

Fig. 1 is a schematic representation of the construction of an 
F-def icient SeV genome cDNA in which a temperature-sensitive mutation 
has been introduced into the M gene. 

Fig. 2 depicts the structures of viral genes constructed to 
20 suppress secondary particle release based on temperature-sensitive 
mutations introduced into the M gene, and viral genes constructed 
or used to test and compare the effects of these introduced mutations . 

Fig. 3 provides microscopic images representing GFP expression 
in cells (LLC-MK2/F7/A) persistently expressing F protein, which were 
25 cultured at 32°C and 37°C, respectively, for six days after infection 
with SeV18+/AF-GFP or SeV18+/MtsHNtsAF-GFP . 

Fig. 4 is a picture representing the result of semi-quantitative 
determination, over time and using Western blotting, of F protein 
expression levels in cells (LLC-MK2/F7/A) persistently expressing 
30 SeV-F protein, which were cultured in trypsin-f ree, serum-free MEM 
at 32°C or 37°C. 

Fig. 5 provides microscopic images representing GFP expression 
in LLC-MK2 cells which were cultured at 32°C, 37°C or 38°C for three 
days after infection with SeV18+GFP, SeV18+/AF-GFP or 
35 SeV18+/MtsHNtsAF-GFP at MOI= 3. 

Fig. 6 depicts hemagglutination activity (HA activity) in the 
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culture supernatant, which was sampled over time (supplemented with 
fresh medium at the same time), of LLOMK2 cells cultured at 32°C, 
37°C or 38°C after infection with SeV18+GFP, SeV18+/AF-GFP or 
SeV18+/MtsHNtsAF-GFP at MOI= 3. 
5 Fig. 7 provides pictures representing the ratio of M protein 

level in cells to that in virus-like particles (VLPs) . This ratio 
was determined by Western blotting using an anti-M antibody. The 
culture supernatant and cells were recovered from a LLC-MK2 cell 
culture incubated at 37 °C for two days after infection with SeV18+GFP, 

10 SeV18+/AF-GFP or SeV18+/MtsHNtsAF-GFP at MOI= 3 . Each lane contained 
the equivalent of 1/10 of the content of one well from a 6-well plate 
culture . 

Fig. 8 depicts SEAP activity in the culture supernatant of 
LLC-MK2 cells cultured for 12, 18, 24, 50, or 120 hours after infection 

15 with SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3. 

Fig. 9 depicts HA activity in the culture supernatant of LLC-MK2 
cells cultured for 24, 50, or 120 hours after infection with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3. 

Fig. 10 is a picture representing the quantity of VLPs 

20 determined by Western blotting using an anti-M antibody. LLOMK2 
cells were cultured for five days after infection with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3. The 
culture supernatant was centrifuged to recover the viruses. Each 
lane contained the equivalent of 1/10 of the content of one well from 

25 a 6-well plate culture. 

Fig. 11 depicts cytotoxicity estimates based on the quantity 
of LDH released into the cell culture medium. LLC-MK2, BEAS-2B or 
CV-1 cells were infected with SeV18+GFP, SeV18+/AF-GFP or 
SeV18 + /MtsHNtsAF-GFP at MOI= 0.01, 0.03, 0.1, 0.3, 1, 3, or 10. Cells 

30 were cultured in a serum-free or 10% FBS-containing medium, and the 
cytotoxicity assay was carried out three or six days after infection, 
respectively. The relative cytotoxicity values of cells are 
represented, considering the cytotoxicity of equal numbers of cells, 
100% of which are lysed by cell denaturant (Triton), as 100%. 

35 Fig. 12 provides pictures representing the subcellular 

localization of the M protein in LLC-MK2 cells cultured at 32°C, 37°C 
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or 38 °C for two days after infection with SeV18+GFP, SeV18+/AF-GFP 
or SeV18+/MtsHNtsA-F-GFP at MOI= 1, which was observed by 
immunostaining using an anti-M antibody. 

Fig. 13 provides stereo three-dimensional images for the 
5 subcellular localization of the M and HN proteins observed under a 
confocal laser microscope. A-10 cells were infected with 

SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at MOI= 1, and then 
cultured in medium containing 10% serum at 32°C or 37°C for one day. 
These images were obtained by immunostaining using an anti-M antibody 
10 and anti-HN antibody. 

Fig. 14 provides stereo three-dimensional images for the 
subcellular localization of the M and HN proteins observed under a 
confocal laser microscope. A-10 cells were infected with 

SeV18+SEAP/AF-GFP or SeV18+SEAP/Mt sHNtsAF-GFP at MOI= 1, and then 

15 cultured in medium containing 10% serum at 32 °C or 37 °C for two days. 
These images were obtained by immunostaining using an anti-M antibody 
and anti-HN antibody. 

Fig. 15 provides pictures representing the effects of a 
microtubule depolymerization reagent on the subcellular localization 

20 of the M and HN proteins. A-10 cells were infected with 
SeV18+SEAP/MtsHNtsAF-GFP at MOI= 1, and a microtubule 
depolymerization reagent, colchicine or colcemid, was immediately 
added to these cells at a final concentration of 1 jiM. The cells were 
cultured in medium containing 10% serum at 32 °C. After two days, the 

25 cells were immunostained with an anti-M antibody and anti-HN antibody 
and then observed under a confocal laser microscope. These 
photographs show stereo three-dimensional images of the subcellular 
localization of the M and HN proteins. 

Fig. 16 provides pictures representing the effects of a 

30 microtubule depolymerization reagent on the subcellular localization 
of the M and HN proteins . A-10 cells were infected with SeV18 + /AF-GFP 
or SeV18+/MtsHNtsAF-GFP at MOI= 1, and a microtubule depolymerization 
reagent, colchicine, was immediately added to the cells at a final 

concentration of 1 |iM. The cells were cultured in medium containing 
35 10% serum at 32°C or 37°C. After two days, these cells were 
immunostained with anti-M antibody and anti-HN antibody, and then 
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observed under a confocal laser microscope. These photographs show 
stereo three-dimensional images for the subcellular localization of 
the M and HN proteins. 

Fig. 17 is a schematic representation of the construction of 
5 an M-deficient SeV genome cDNA comprising the EGFP gene. 

Fig. 18 is a schematic representation of the construction of 
an F- and M-deficient SeV genome cDNA.. 

Fig. 19 depicts the structures of the constructed F- and/or 
M-deficient SeV genes. 
10 Fig. 20 is a schematic representation of the construction of 

an M gene-expressing plasmid comprising the hygromycin-resistance 
gene . 

Fig. 21 provides pictures representing a semi-quantitative 
comparison, by Western blotting, of the expression levels of the M 
15 and F proteins in cloned cells inducibly expressing the cloned M 
protein (and F protein) ; following infection with a recombinant 
adenovirus (AcCANCre) that expresses Cre DNA recombinase. 

Fig. 22 provides pictures representing the viral reconstitution 

of an M-deficient SeV (SeV18+/AM-GFP) with helper cell (LLC-MK2/F7/M) 
20 clones #18 and #62. 

Fig. 23 depicts the viral productivity of SeV18+/AM-GFP (CIU 
and HAU time courses) . 

Fig. 24 provides pictures and an illustration representing the 

results of RT-PCR confirming gene structure in SeV18+/AM-GFP virions. 
25 Fig. 25 provides pictures representing the result of a 

comparison of SeV18 + /AM-GFP with SeV18+GFP and SeV18 + /AF-GFP, where, 
after infection of LLC-MK2 cells, Western blotting was carried out 
on the viral proteins from these cells and cell cultures to confirm 

the viral structure of SeV18+/AM-GFP from a protein viewpoint. 

30 Fig. 26 provides pictures representing a quantitative 

comparison of virus-derived proteins in the culture supernatant of 
LLC-MK2 cells infected with SeV18 + /AM-GFP and SeV18 + /AF-GFP (a series 
of dilutions were prepared and assayed using Western blotting) . 
Anti-SeV antibody was used. 

35 Fig. 27 depicts HA activity in the culture supernatant, 

collected over time, of LLC-MK2 cells infected with SeV18+/AM-GFP 
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or SeV18+/AF-GFP at MOI= 3. 

Fig. 28 provides fluorescence microscopic images obtained five 
days after LLC-MK2 cells were infected with SeV18+/AM-GFP or 
SeV18+/AF-GFP at MOI= 3. 
5 Fig. 29 provides fluorescence microscopic images of LLC-MK2 

cells prepared as follows: LLC-MK2 cells were infected with 
SeV18+/AM-GFP or SeV18+/AF-GFP at MOI= 3, and then five days after 
infection the culture supernatant was recovered and transfected into 
LLC-MK2 cells using a cationic liposome (Dosper) . Microscopic 
10 observation was carried out after two days. 

Fig. 30 depicts the design of the amino acid sequences at the 
F1/F2 cleavage sites (activation sites of the F protein) . The 
recognition sequences of proteases (MMP or uPA) highly expressed in 
cancer cells were designed based on those of the synthetic substrates . 
15 From the top, the sequences of SEQ ID NOs : 40 to 44 are shown. 

Fig. 31 is a schematic representation of the construction of 
an M-deficient SeV vector cDNA in which the activation site of F is 
modified. 

Fig. 32 provides pictures representing protease-dependent cell 

20 fusogenic infection by F-modified, M-deficient Sendai viral vectors. 
By using LLC-MK2 , it was confirmed that modification of F causes cell 
fusogenic infection in a protease-dependent manner. Each of the 
M-deficient SeVs (SeV/AM-GFP (A, B, C, J, K, and L), 
SeV/F (MMP#2 ) AM-GFP (D, E, F, M, N, and 0), and SeV/F (uPA) AM-GFP (G, 

25 H, I, P, 0, and R)) was infected to cells with simultaneous addition 
of 0.1 ng/mL collagenase (Clostridium) (B, E, and H) , MMP-2 (C, F, 
and I), MMP-9 (J, M, and P) , uPA (K, N, and Q) , and 7.5 jug /ml trypsin 
(L, Q, and R) . Four days later, the cells were observed under a 
fluorescent microscope. Only in LLC-MK2 added with trypsin, 

30 SeV/AM-GFP comprising unmodified F caused cell fusion of infected 
cells with surrounding cells, resulting in cell fusogenic infection 
to form multinuclear cells, syncytia (L) . In LLC-MK2 to which 
collagenase, MMP-2, and MMP-9 were added, SeV/F (MMP#2) AM-GFP 
comprising an MMP degradation sequence introduced in F caused cell 

35 fusogenic infection to form syncytia (E, F, andM). On the other hand, 
SeV/ (uPA) AM-GFP comprising urokinase-type plasminogen activator 
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(uPA) and tissue-type PA (tPA) degradation sequences introduced in 
F was observed to cause cell fusogenic infection under the presence 
of trypsin, and by further modification, formation of syncytia was 
observed under the presence of uPA (Q and R) . 
5 Fig. 33 provides pictures representing protease-dependent cell 

fusogenic infection of cancer cells by F-modif ied, M-def icient Sendai 
viral vectors . Experiments were performed to test whether endogenous 
protease-selective cell fusogenic infection can be observed. The 
following cells were used: HT1080, an MMP-expressing cancer cell 
10 strain (A, D, and G) ; MKN28, a tPA-expressing strain (B, E, and H) ; 
and SW620, cell strain expressing neither of these proteases (C, F, 

and I) . In HT1080, the infection spread only with SeV/F (MMP#2 ) AM-GFP 
ten times or more (D) . In tPA-expressing strain MKN28 , cell fusogenic 
infection was observed to spread only with SeV/F (uPA) AM-GFP . In 

15 SW620 expressing neither of these proteases, no spread of infection 
could be observed. 

Fig. 34 provides pictures representing MMP induction by phorbol 
ester and induction of cell fusogenic infection by an F-modified, 
M-def icient Sendai viral vector. The expression of MMP-2 and MMP-9 

20 was confirmed by gelatin zymography in which the portion where 
gelatinolytic activity exists becomes clear (A) . Lane C represents 
the control. Lane T shows the result wherein the supernatant obtained 
after induction with 20 nM PMA was used. A band corresponding to MMP-9 
was observed in HT1080 and Pane I, proving induction of MMP-9. 

25 Regarding MMP-2, latent MMP-2 having hardly any activity is detected 
in Pane I before induction. As indicated in Fig. 34B, 

SeV/F(MMP#2) AM-GFP displayed cell fusogenic infection due to MMP-9 
induction. 

Fig. 35 provides pictures representing cell fusogenic infection 
30 of an F-modified, M-deficient Sendai viral vector in vivo. HT1080 
carcinoma-bearing nude mice were prepared. Among them, animals 
having carcinoma with a diameter of more than 3 mm, seven to nine 
days after subcutaneous injection were used. A fifty \xL dose of SeV 
was injected once into the animals. Two days later, the carcinoma 
35 was observed under a fluorescent microscope. Panels A, D, G, and J 
are bright field images; B, E, H, and K are the corresponding 
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fluorescent images of GFP; and C, F, I, and L are their enlarged images . 
Fluorescence was observed only in the region surrounding the site 
to which SeV-GFP and SeV/AM-GFP, respectively, had been injected 
(panels E and H) . In contrast, injection of SeV/F (MMP#2 ) AM-GFP was 
5 observed to spread the fluorescence throughout the entire cancer 
(panel K) . In the enlarged images, fluorescence in each of the cells 
can be confirmed for SeV-GFP and SeV/AM-GFP; however, the shapes of 
the cells were unclear for SeV/F (MMP#2 ) AM-GFP which suggests 
occurrence of cell fusion. 

10 Fig. 36 depicts cell fusogenic infection of an F-modified, 

M-def icient Sendai viral vector in vivo. The percentages of GFP to 
the entire cancer in the pictures of Fig. 35 were measured from their 
areas using NIH image. As a result, SeV-GFP and SeV/AM-GFP showed 
10% and 20% infections, respectively; whereas SeV/F (MMP#2 ) AM-GFP 

15 showed 90% infection, suggesting obvious spreading of infection. 

Fig. 37 depicts the antitumor effects of F-modified, 
M-def icient SeV vectors in carcinoma-bearing nude mice. The volume 
of the carcinoma of the mice assayed in Fig. 35 was measured. Four 
groups of SeVs were injected into carcinomas with a diameter of 3 

20 mm or more. Reinjection was performed two days later, and the size 
of the carcinoma was measured. Carcinomas to which PBS, SeV-GFP, and 
SeV/AM-GFP were injected showed rapid growth. In contrast, those 
injected with SeV/F (MMP#2 ) AM-GFP demonstrated in the assays of Fig. 
36 to spread throughout the entire carcinoma clearly did not 

25 proliferate and remained small. Significant antitumor effects as 
compared to the other three groups was observed at P< 0.05 according 
to the t-test. 

Fig. 38 provides pictures representing protease 
expression-selective infection of an F-uncleaved, F-modified, 

30 M-def icient SeV vector to cancer cells. The possibility of selective 
infection by protease expression was examined in MMP-expressing 
HT1080 strain, tPA-expressing MKN28 strain, and SW620 that hardly 
expresses proteases. Infection by SeV/F (MMP#2 ) AM-GFP was observed 
in MMP-expressing HT1080 strain, but not in tPA-expressing MKN28 

35 strain. Infection by SeV/F (uPA) AM-GFP was observed in 

tPA-expressing MKN28 strain, but in MMP-expressing HT1080 strain. 
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Fig. 39 provides pictures representing the acquisition of 
infection ability via the F-uncleaved, F-modif ied, M-deficient SeV 
vector due to MMP-3 and MMP-7 induction by fibroblasts. Changes in 
the infectivity of the F-modif ied, M-deficient SeV vector due to MMP 
5 induction by fibroblasts in vitro was examined using SW480 and WiDr. 
Co-culturing human fibroblasts (hFB) with SW480 and WiDr caused 
infection of SeV/F (MMP#2 ) AM-GFP (B and D) . Such phenomenon was not 
observed in SW620 where induction did not take place (F) . 

Fig. 40 provides pictures representing MMP-selective infection 

10 of an F-modif ied, M-deficient SeV vector to human aortic smooth muscle 
cells. Infection of SeV/AM-GFP proceeds only by the addition of 
trypsin. In contrast, the infection of SeV/F (MMP#2 ) AM-GFP proceeds 
with collagenase, MMP-2, MMP-3, and MMP-9. 

Fig. 41 provides pictures representing the cleavage of the 

15 protease-dependent F protein within the F-modified, M-deficient SeV 
vector. The protease-dependent cleavage of F0 of Sendai virus to Fl 
was confirmed by Western blotting. An M-deficient SeV vector 
comprising unmodified F (shown in lanes 1, 4, 7, and 10), an 
M-deficient SeV vector with insertion of an MMP#2 sequence into F 

20 (shown in lanes 2, 5, 8, and 11), and an M-deficient SeV vector with 
insertion of a uPA sequence into F (shown in lanes 3, 6, 9, and 12) 
were treated with above-described proteases (untreated (lanes 1, 2, 
and 3); 0.1 ng/mL MMP-9 (lanes 4, 5, and 6); 0.1 ng/mL uPA (lanes 
7, 8, and 9); and 7.5 \iq/mL trypsin (lanes 10, 11, and 12)) at 37°C 

25 for 30 minutes. As a result, Fl cleavage occurred depending on the 
inserted protease substrates. Namely, trypsin cleaved the F protein 
of the F-unmodified M-deficient SeV vector, MMP-9 cleaved that of 
the M-deficient SeV vector having the MMP#2 sequence inserted into 
the F protein, and uPA cleaved that of the M-deficient SeV vector 

30 having the uPA sequence inserted into the F protein. 

Fig. 42 depicts the production of cytoplasmic domain deletion 
mutants of F, and compares their fusogenicity through simultaneous 
expression with HN. Fig. 42A is a schematic representation of the 
construction of the cytoplasmic domain deletion mutants of Sendai 

35 viral F protein. From the top, SEQIDNOs: 76 to 79. Fig. 42B depicts 
the production of cytoplasmic domain deletion mutants of the F protein 
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and the comparison of fusogenicity due to simultaneous expression 
with HN. Each of the cytoplasmic domain deletion mutants of Sendai 
viral F protein and HN were expressed simultaneously in LLC-MK2 cells 
added with 7.5 |Lig/mL trypsin. Four days later, nuclear staining was 
5 performed with hematoxylin, and the number of nuclei that underwent 
syncytium formation was counted. 

Fig. 43 depicts the drastic increase of fusogenicity resulting 
from the F/HN chimeric protein. Fig. 43A shows the structure of the 
F/HN chimeric protein. The linker sequence is described in SEQ ID 
10 NO: 80. Fig. 43B shows the increased fusogenicity of the F/HN chimeric 
protein by the insertion of a linker. Each of the Sendai viral F/HN 
chimeric proteins and HN were expressed simultaneously in LLC-MK2 

cells added with 7.5 jag/mL trypsin. 

Fig. 44 provides a schematic representation and pictures 

15 depicting the outline of the MMP substrate sequence insertion into 
the F cleavage site of the F/HN chimeric proteins. Fig. 44A is a 
schematic representation of the construction of F-modified F/HN 
chimeric proteins inserted with MMP substrate sequences. From the 
top, SEQ ID NOs : 81 to 89. Fig. 44B depicts the syncytium formation 

20 due to the expression of F-modified F/HN in MMP-expressing HT1080 
cells . 

Fig. 45 depicts the modification of the F peptide (fusion 
peptide) and its concentration-dependent effect on syncytium 
formation. Fig. 45A is a schematic representation of the 
25 construction of modified fusion peptides. From the top, SEQ ID NOs: 
90 to 93. 

Fig. 45B depicts the fusogenicity of MMP#2, MMP#6, and MMP#6G12A 
relative to the concentration of added collagenase (Clostridium) . 
Fig. 4 6 depicts the genomic structure of the improved F-modified 
30 M-deficient Sendai viruses. 

Fig. 47 provides pictures representing the spreading of the 
improved F-modified, M-deficient Sendai viruses in cancer with low 
expression levels of MMP. The spread of cell fusion 2 days after 
infection of the improved F-modified M-deficient Sendai viruses are 
35 shown. 

Fig. 48 is a picture representing MMP-2 and MMP-9 expression 
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in cancer cell lines. Gelatin zymography of the supernatants of the 
cancer cell lines is shown. 

Fig. 4 9 depicts the spreading of the improved F-modified 
M-deficient Sendai viruses in tumors with low expression levels of 
5 MMP. Comparison of the number of syncytia per 0.3 cm 2 two days after 
infection is indicated. "AM" denotes SeV18+/AM-GFP, "#2" denotes 
SeV18+/F(MMP#2) AM-GFP, "#6" denotes SeV/F (MMP#6) AM-GFP, "#6ctl4" 
denotes SeV(TDK) /Fctl4 (MMP# 6) AM-GFP, and n F/HN chimera" denotes 
SeV (TDK) /Fctl4 (MMP#6) /Linker /HNAM-GFP . 

10 

Best Mode for Carrying Out the Invention 

Herein below, the present invention is specifically described 
using Examples; however, it is not to be construed as being limited 
thereto. All references cited herein are incorporated by reference 
15 herein as a part of this description. 

1. Construction of SeV vectors with decreased or defective particle 
forming ability 

[Example 1] Construction of a temperature-sensitive mutant SeV genome 
2 0 cDNA: 

An SeV genome cDNA in which temperature-sensitive mutations 
were introduced in M gene was constructed. Fig. 1, which shows a 
scheme that represents the construction of the cDNA, is described 
as follows. An F-deficient full-length Sendai viral genome cDNA 

25 containing the EGFP,gene at the F deletion site (pSeV18 + /AF-GFP : Li, 
H.-O. et al., J. Virology 74, 6564-6569, 2000; WO 00/70070) was 
digested with Nael . The M gene-containing fragment (4922 bp) was 
separated using agarose electrophoresis. After cutting the band of 
interest out, the DNA was recovered by QIAEXII Gel Extraction System 

30 (QIAGEN, Bothell, WA) and subcloned into pBluescript II (Stratagene, 
La Jolla, CA) at the EcoRV site (pBlueNaelf rg-AFGFP construction) . 
Introduction of temperature-sensitive mutations into the M gene of 
pBlueNaelf rg-AFGFP was achieved using a QuikChange™ Site-Directed 
Mutagenesis Kit (Stratagene, La Jolla, CA) , according to the kit 

35 method. The three types of mutation introduced into the M gene were 
G69E, T116A and A183S, based on the sequence of the CI. 151 strain 



76 



reported by Kondo et al. (Kondo, T. et al., J. Biol. Chem. 268, 
21924-21930, 1993) . The sequences of the synthetic oligonucleotides 
used to introduce the mutations were as follows: 

G69E (5 1 -gaaacaaacaaccaatctagagagcgtatctgacttgac-3 ' /SEQ ID NO: 11, 
5 5 1 -gtcaagtcagatacgctctctagattggttgtttgtttc-3 1 /SEQ ID NO: 12), 

T116A (5 1 -attacggtgaggagggctgttcgagcaggag-3 1 /SEQ ID NO: 13, 
5 1 -ctcctgctcgaacagccctcctcaccgtaat-3 ' /SEQ ID NO: 14) and 
A183S (5 1 -ggggcaatcaccatatccaagatcccaaagacc-3 1 /SEQ ID NO: 15, 
5 1 -ggtctttgggatcttggatatggtgattgcccc-3 1 / SEQ ID NO: 16). 

10 The plasmid pBlueNaelf rg-AFGFP, whose M gene contains the three 

mutations, was digested with Sail and then partially digested with 
ApaLI. The fragment containing the entire M gene was then recovered 
(2644 bp) . pSeV18 + /AF-GFP was digested with ApaLI/Nhel, and the HN 
gene-containing fragment (6287 bp) was recovered. The two fragments 

15 were subcloned into Litmus38 (New England Biolabs, Beverly, MA) at 
the Sall/Nhel site ( Litmus Sal I /Nhelfrg-MtsAFGFP construction) . 
Temperature-sensitive mutations were introduced into the 
LitmusSall/Nhelfrg-MtsAFGFP HN gene in the same way as for the 
introduction of mutations into the M gene, by using a QuikChange™ 

20 Site-Directed Mutagenesis Kit according to the kit method. The three 
mutations introduced into the HN gene were A262T, G264R and K461G, 
based on the sequence of ts271 strain reported by Thompson et al. 
(Thompson, S.D. et al., Virology 160, 1-8, 1987). The sequences of 
the synthetic oligonucleotides used to introduce the mutations were 

25 as follows: 

A262T/G2 64R (5 ? -catgctctgtggtgacaacccggactaggggttatca-3 f /SEQ ID 
NO: 17, 5 ' -tgataacccctagtccgggttgtcaccacagagcatg-3 1 /SEQ ID NO: 18), 
and 

K461G (5 1 -cttgtctagaccaggaaatgaagagtgcaattggtacaata-3 1 /SEQ ID NO: 
30 19, 5 1 -tattgtaccaattgcactcttcatttcctggtctagacaag-3 ' /SEQ ID NO: 20). 

While the mutations were introduced into the M and HN genes in 
separate vectors, it is also possible to introduce all of the mutations 
into both M and HN genes by using a plasmid (LitmusSall/Nhelf rg-AFGFP) 
obtained by subcloning, at the Sall/Nhel site of Litmus38, a fragment 
35 containing the M and HN genes (8931 bp), provided by digesting 
pSeV18 + /AF-GFP with Sall/Nhel . Successive introduction of mutations 
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resulted in the introduction of six temperature-sensitive mutations 
in total; three mutations in the M gene, and three mutations in the 
HN gene (LitmusSall/Nhelf rg-MtsHNtsAFGFP construction) . 

LitmusSall/Nhelfrg-MtsHNtsAFGFP was digested with Sall/Nhel 
5 and an 8931 bp fragment was recovered. Another fragment (8294 bp), 
lacking the M and HN genes and such, was recovered on digestion of 
pSeV18+/AF-GFP with Sall/Nhel . Both fragments were ligated together 
to construct the F-deficient full-length Sendai virus genome cDNA 
(pSeV18+/MtsHNtsAF-GFP) comprising the six temperature-sensitive 

10 mutations in the M and HN genes, and the EGFP gene at the site of 
the F deletion (Fig. 2) . 

Further, to quantify the expression level of genes in the 
plasmid, a cDNA containing the secretory alkaline phosphatase (SEAP) 
gene was also constructed. Specifically, NotI was used to cut out 

15 an SEAP fragment (1638 bp) comprising the termination 
signal-intervening sequence-initiation signal downstream of the SEAP 
gene (WO 00/70070) . This fragment was recovered and purified 
following electrophoresis. The fragment was then inserted into 
pSeV18+/AF-GFP and pSeV18+/MtsHNtsAF-GFP at their respective NotI 

20 sites. The resulting plasmids were named pSeV18+SEAP/AF-GFP and 
pSeV18+SEAP/MtsHNtsAF-GFP, respectively (Fig. 2). 

[Example 2] Reconstitution and amplification of virus introduced with 
temperature-sensitive mutations: 

25 Viral reconstitution was performed according to the procedure 

reported by Li et al. (Li, H.-O. et al., J. Virology 74, 6564-6569, 
2000; WO 00/70070) . F protein helper cells, prepared using an 
inducible Cre/loxP expression system, were utilized to reconstitute 
F-deficient viruses. The system uses a pCALNdLw plasmid, designed 

30 for Cre DNA recombinase-mediated inducible gene product expression 
(Arai, T. et al., J. Virol. 72, 1115-1121, 1988). In this system, 
the inserted gene is expressed in a transformant carrying this plasmid 
using the method of Saito et al. to infect the transformant with a 
recombinant adenovirus (AxCANCre) expressing Cre DNA recombinase 

35 (Saito, I. et al., Nucleic Acids Res. 23, 3816-3821, 1995 ; Arai, 
T. et al., J. Virol. 72, 1115-1121, 1998) . In the case of the SeV-F 
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protein, the transformed cells comprising the F gene are herein 
referred to as LLC-MK2/F7, and cells persistently expressing the F 
protein after induction by AxCANCre are herein referred to as 
LLOMK2/F7/A. 

5 Reconstitution of the virus comprising the 

temperature-sensitive mutations was carried out as follows: LLC-MK2 
cells were plated onto a 100-mm dish at 5x 10 6 cells/dish, and then 
cultured for 24 hours. T7 polymerase-expressing recombinant 
vaccinia virus, which had been treated with psoralen and 

10 long-wavelength ultraviolet light (365 nm) for 20 minutes 
(PLWUV-VacT7 : Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 
8122-8126, 1986), was infected (MOI= 2) to these cells at room 
temperature for one hour. The cells were washed with serum-free MEM. 
Plasmids, pSeV18+/MtsHNtsAF-GFP, pGEM/NP, pGEM/P, pGEM/L and 

15 pGEM/F-HN (Kato, A. et al., Genes Cells 1, 569-579, 1996), were 
suspended in Opti-MEM (Gibco-BRL, Rockville, MD) at amounts of 12 
fig, 4 |ng, 2 jag, 4 ^ig and 4 |ag/dish, respectively. SuperFect 
transfection reagent (Qiagen, Bothell, WA) corresponding to 1 |ug DNA/5 
jil was added and mixed. The resulting mixture was allowed to stand 

20 at room temperature for 15 minutes, and then added to 3 ml of Opti-MEM 
containing 3% FBS . This mixture was added to the cells. After being 
cultured for five hours, the cells were washed twice with serum-free 
MEM, and cultured in MEM containing 40 (ig/ml cytosine 
P-D-arabinofuranoside (AraC: Sigma, St. Louis, MO) and 7.5 |ig/ml 

25 trypsin (Gibco-BRL, Rockville, MD) . After 24 hours of culture, cells 
persistently expressing the F protein (LLC-MK2/F7/A: Li, H.-O. et 
al., J. Virology 74, 6564-6569, 2000; WO 00/70070) were overlaid at 
8.5x 10 6 cells/dish. These cells were further cultured in MEM 
containing 40 jag/mL AraC and 7.5 |ig/mL trypsin at 37 °C for two days 

30 (P0) . The cells were harvested and the pellet was suspended in 2 ml 
Opti-MEM per dish. Freeze-and-thaw treatment was repeated three 
times, and the lysate was directly transfected into LLC-MK2/F7/A. 
The cells were cultured in serum-free MEM containing 40 jag/mL AraC 
and 7.5 |ag/mL trypsin at 32°C (PI) . After five to seven days, part 

35 of the culture supernatant was infected into freshly prepared 
LLC-MK2 / F7 /A , and the cells were cultured in same serum-free MEM 
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containing 40 ^ig/mL AraC and 7.5 ng/mL trypsin at 32 °C (P2) . After 
three to five days, freshly prepared LLC-MK2/F7/A were infected again, 
and the cells were cultured in serum-free MEM containing only 7.5 
|ig/mL trypsin at 32°C for three to five days (P3) . BSA was added to 
5 the recovered culture supernatant at a final concentration of 1%, 
and the mixture was stored at -80°C. The viral solution stored was 
thawed and used in subsequent experiments. 

The titers of viral solutions prepared by this method were as 
follows: SeV18+/AF-GFP, 3x 10 8 ; SeV18+/MtsHNtsAF-GFP, 7x 10 7 ; 

10 SeV18+SEAP/AF-GFP, 1 . 8x 10 8 ; SeV18+SEAP/MtsHNtsAF-GFP, 8 . 9x 10 7 
GFP-CIU/mL (GFP-CIU has been defined in WO 00/70070) . On the other 
hand, for vectors comprising GFP, CIU determined by direct detection 
of GFP is defined as GFP-CIU. GFP-CIU values are confirmed to be 
substantially identical to corresponding CIU values (WO 00/70070) . 

15 In determining SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP titers, the 
post-infection spread of plaques of cells persistently expressing 
F protein ( LLC-MK2 / F7 / A ) was observed at 32°C and 37°C. Fig. 3 shows 
photographs of patterns observed six days after infection. 
SeV18+/MtsHNtsAF-GFP plaques spread to some extent at 32 °C, but were 

20 greatly reduced at 37 °C. This suggests that virion formation is 
reduced at 37 °C. 

[Example 3] Effect of culture temperature (32°C) on viral 
reconstitution: 

25 In the experimental reconstitution of viruses in which 

temperature-sensitive mutations were introduced (Example 2), PI and 
all subsequent cultures were carried out at 32 °C. This temperature 
was used because the reference virus, used for assessing the 
introduction of temperature-sensitive mutations, grows well at 32 °C 

30 (Kondo, T. et al., J. Biol. Chem. 268, 21924-21930, 1993; Thompson, 
S.D. et al., Virology 160, 1-8, 1987). Close examination of the 
experimental conditions revealed that, for SeV reconstitution (and 
for other viruses in addition to those in which temperature-sensitive 
mutations had been introduced) , reconstitution efficiency was 

35 improved by carrying out PI and subsequent cultures at 32 °C, giving 
a high possibility of recovering viruses that were previously 
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difficult to obtain- 
There are thought to be two reasons for enhanced reconstitution 
efficiency at 32 °C. The first point is that, when cultured at 32 °C 
as opposed to 37 °C, cytotoxicity due to AraC, which is supplemented 
5 to inhibit vaccinia virus amplification, is thought to be suppressed. 
Under conditions for viral reconstitution, culturing LLC-MK2/F7/A 
cells at 37 °C, in serum-free MEM containing 40 jig/ml AraC and 7.5 
jag/ml trypsin, caused cell damage after three to four days, including 
an increase in detached cells. However, cultures at 32 °C could be 

10 sufficiently continued for seven to ten days with cells still intact. 
When reconstituting SeV with inefficient transcription and/or 
replication, or with inefficient formation of infectious virions, 
success is thought to be a direct reflection of culture duration. 
The second point is that F protein expression is maintained in 

15 LLC-MK2/F7/A cells when the cells are cultured at 32°C. After 
culturing LLC-MK2/F7/A cells that continuously express F protein to 
confluency on 6-well culture plates in MEM containing 10% FBS and 
at 37 °C, the medium was replaced with a serum-free MEM containing 
7.5 jug/ml trypsin, and the cells were further cultured at 32 °C or 

20 37°C. Cells were recovered over time using a cell scraper, and Western 
blotting using an anti-F protein antibody (mouse monoclonal) was used 
to semi-quantitatively analyze intra-cellular F protein. F protein 
expression was maintained for two days at 37 °C, and then decreased. 
However, at 32 °C expression was maintained for at least eight days 

25 (Fig. 4) . These results confirm the validity of viral reconstitution 
at 32°C (after PI stage). 

The above-described Western blotting was carried out using the 
following method: Cells recovered from one well of a 6-well plate 
were stored at -80°C, then thawed in 100 |al of lx diluted sample buffer 

30 for SDS-PAGE (Red Loading Buffer Pack; New England Biolabs, Beverly, 
MA) . Samples were then heated at 98 °C for ten minutes, centrifuged, 
and a 10-|il aliquot of the supernatant was loaded on to SDS-PAGE gel 
(multigel 10/20; Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan). 
After electrophoresis at 15 mA for 2.5 hours, proteins were 

35 transferred onto a PVDF membrane (Immobilon PVDF transfer membrane; 
Millipore, Bedford, MA) using semi-dry method at 100 mA for one hour. 
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The transfer membrane was immersed in a blocking solution (Block Ace; 
Snow Brand Milk Products Co., Ltd., Sapporo, Japan) at 4°C for one 
hour or more, soaked in a primary antibody solution containing 10% 
Block Ace supplemented with 1/1000 volume of the anti-F protein 
5 antibody, and then allowed to stand at 4°C overnight. After washing 
three times with TBS containing 0.05% Tween 20 (TBST) , and a further 
three times with TBS, the membrane was immersed in a secondary antibody 
solution containing 10% Block Ace supplemented with 1/5000 volume 
of the anti-mouse IgG + IgM antibody bound with HRP (Goat F(ab')2 

10 Anti-Mouse IgG + IgM, HRP; BioSource Int., Camarillo, CA) . Samples 
were then stirred at room temperature for one hour. The membrane was 
washed three times with TBST, and three times with TBS. The proteins 
on the membrane were then detected using the chemiluminescence method 
(ECL western blotting detection reagents; Amersham Pharmacia biotech, 

15 Uppsala, Sweden) . 

[Example 4] Quantification of secondarily released particles from 
viruses having temperature sensitive mutations introduced therein 
(HA assay, Western Blotting) : 

20 Levels of secondarily released particles were compared, 

together with SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP, using the 
autonomously replicating type SeV that comprises all of the viral 
proteins and the GFP fragment (780 bp), which comprises the 
termination signal-intervening sequence- initiation signal 

25 downstream of the GFP gene at the NotI site (SeV18+GFP: Fig. 2) . 

LLC-MK2 cells were grown to confluency on 6-well plates. To 
these cells were added 3x 10 7 ClU/ml of each virus solution at 100 
(il per well (MOI= 3) , and the cells were infected for one hour. After 
washing the cells with MEM, serum-free MEM (1 ml) was added to each 

30 well, and the cells were cultured at 32 °C, 37°Cand38°C, respectively. 
Sampling was carried out every day, and immediately after sampling, 
1 ml of fresh serum-free MEM was added to the remaining cells. 
Culturing and sampling were performed over time. Three days after 
infection, observation of GFP expression under a fluorescence 

35 microscope indicated that infection levels were almost equal for the 
three types of virus for all temperature conditions (32°C, 37°C and 
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38°C) , and that GFP expression was similar (Fig. 5). 

Secondarily released particles were quantified using an assay 
for hemagglutination activity (HA activity) according to the method 
of Kato et al. (Kato, A. , et al., Genes Cell 1, 569-579, 1996). 
5 Specifically, round-bottomed 96 well-plates were used for serial 
dilution of the viral solution with PBS. Serial two-fold 50 ]il 
dilutions were carried out in each well. 50 jil of preserved chicken 
blood (Cosmo Bio, Tokyo, Japan), diluted to 1% with PBS, was added 
to 50 (il of the viral solution, and the mixture was allowed to stand 

10 at 4°C for one hour. Erythrocyte agglutination was then examined. 
The highest virus dilution rate among the agglutinated samples was 
judged to be the HA activity. In addition, one hemagglutination unit 
(HAU) was calculated to be Ix 10 6 viruses, and expressed as a number 
of viruses (Fig. 6) . The secondarily released particles of 

15 SeV18+/MtsHNtsAF-GFP remarkably decreased, and at 37 °C, was judged 
to be about 1/10 of the level of SeV18+/AF-GFP . SeV18+/MtsHNtsAF-GFP 
viral particle formation was also reduced at 32 °C, and although only 
a few particles were produced, a certain degree of production was 
still thought possible. 

20 Western blotting was used to quantify the secondarily released 

particles . In a manner similar to that described above, LLC-MK2 cells 
were infected at MOI= 3 with the virus, and the culture supernatant 
and cells were recovered two days after infection. The culture 
supernatant was centrifuged at 48,000 xg for 45 minutes to recover 

25 the viral proteins. After SDS-PAGE, Western blotting was performed 
to detect these proteins using an anti-M protein antibody. This 
anti-M protein antibody is a newly prepared polyclonal antibody, 
prepared from the serum of rabbits immunized with a mixture of three 
synthetic peptides: corresponding to amino acids 1-13 

30 (MADIYRFPKFSYE+Cys/SEQ ID NO: 21), 23-35 (LRTGPDKKAIPH+Cys/SEQ ID 
NO: 22), and 336-348 (Cys+NVVAKNIGRIRKL/SEQ ID NO: 23) of the SeV 
M protein. Western blotting was performed according to the method 
described in Example 3, in which the primary antibody, anti-M protein 
antibody, was used at a 1/4000 dilution, and the secondary antibody, 

35 anti-rabbit IgG antibody bound with HRP (Anti-rabbit IgG (Goat) H+L 
con j . ; ICN P., Aurola, OH), was used at a 1/5000 dilution. In the 
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case of SeV18+/MtsHNtsAF-GFP infected cells, M proteins were widely 
expressed to a similar degree, but expression of viral proteins was 
reduced (Fig. 7) . Western blotting also confirmed a decrease in 
secondarily released viral particles. 

5 

[Example 5] The expression level of genes comprised by the virus 
induced by temperature-sensitive mutations (SEAP assay) : 

SeV18+/MtsHNtsAF-GFP secondary particle release was reduced. 
However, such a modification would be meaningless in a gene expression 

10 vector if accompanied with a simultaneous decrease in comprised gene 
expression. Thus, the gene expression level was evaluated. LLC-MK2 
cells were infected with SeV18+SEAP/AF-GFP or 

SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3, and culture supernatant was 
collected over time (12, 18, 24, 50 and 120 hours after infection) . 

15 SEAP activity in the supernatant was assayed using a Reporter Assay 
Kit-SEAP (TOYOBO, Osaka, Japan) according to the kit method. SEAP 
activity was comparable for both types (Fig. 8) . The same samples 
were also assayed for hemagglutination activity (HA activity) . The 
HA activity of SeV18+SEAP/MtsHNtsAF-GFP was reduced to about one tenth 

20 (Fig. 9) . Viral proteins were harvested from viruses in the samples 
by centrifugation at 48,000 xg for 45 minutes, and then 
semi-quantitatively analyzed by Western blotting using an anti-M 
antibody. The level of viral protein in the supernatant was also 
reduced (Fig. 10) . These findings indicate. that the introduction of 

25 temperature-sensitive mutations reduces the level of secondary 
particle release to about 1/10, with virtually no reduction in the 
expression of comprised genes. 

[Example 6] Cytotoxicity of viruses having temperature-sensitive 
30 mutations introduced therein (LDH assay) : 

SeV infection is often cytotoxic. The influence of introduced 
mutations was thus examined from this respect. LLC-MK2, BEAS-2B and 
CV-1 cells were each plated on a 96-well plate at 2 . 5x 10 4 cells/well 

(100 ^iL/well) , and then cultured. LLC-MK2 and CV-1 were cultured in 
35 MEM containing 10% FBS, and BEAS-2B was cultured in a 1:1 mixed medium 
of D-MEM and RPMI (Gibco-BRL, Rockville, MD) containing 10% FBS. 
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After 24 hours of culture, virus infection was carried out by adding 
5 jiL/well of a solution of SeV18+/AF-GFP or SeV18+/MtsHNtsAF-GFP 
diluted with MEM containing 1% BSA. After six hours, the medium 
containing the viral solution was removed, and replaced with the 
corresponding fresh medium, with or without 10% FBS. The culture 
supernatant was sampled three days after infection when FBS-free 
medium was used, or six days after infection when medium containing 
FBS was used. Cytotoxicity was analyzed using a Cytotoxicity 
Detection Kit (Roche, Basel, Switzerland) according to the kit 
instructions. Neither of the viral vectors was cytotoxic in LLC-MK2 . 
Further, SeVl8+/MtsHNtsAF-GFP cytotoxicity was assessed as being 
comparable to or lower than that of SeV18 + /AF-GFP in CV-1 and BEAS-2B 
(Fig. 11) . Thus, it was concluded that cytotoxicity was not induced 
by suppressing secondary particle release through the introduction 
of temperature-sensitive mutations. 

[Example 7] Study of the mechanism of secondary particle release 
suppression: 

In order to elucidate the part of the mechanism underlying the 
20 suppression of secondary particle release associated with the 
introduction of temperature-sensitive mutations, subcellular 
localization of the M protein was examined. LLC-MK2 cells were 
infected with each type of SeV (SeV18+GFP, SeV18+/AF-GFP, 
SeV18+/MtsHNtsAF-GFP) , and cultured at 32 °C, 37 °C or 38 °C for two 
25 days. The cells were immunostained by using an anti-M antibody. 
Immunostaining was performed as follows: The cultured cells were 
washed once with PBS, methanol cooled to -20°C was added, and the 
cells were fixed at 4°C for 15 minutes. After washing the cells three 
times with PBS, blocking was carried out at room temperature for one 
30 hour using PBS solution containing 2% goat serum and 0.1% Triton. 
After washing with PBS a further three times, the cells were reacted 
with a primary antibody solution ( 10 jig/mL anti-M antibody) containing 
2% goat serum at 37°C for 30 minutes. After washing three times with 
PBS, the cells were reacted with a secondary antibody solution (10 
35 jig/mL Alexa Fluor 488 goat anti-rabbit IgG(H+L) conjugate: Molecular 
Probes, Eugene, OR) containing 2% goat serum at 37°C for 15 minutes. 



10 
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Finally, after a further three washes with PBS, the cells were observed 
under a fluorescence microscope. In the case of the self-replicating 
SeV18+GFP comprising both F and HN proteins, condensed M protein was 
detectable on cell surfaces at all of the temperatures tested (Fig. 
5 12) . Such M protein condensation has been previously reported 
(Yoshida, T. et al. f Virology 71, 143-161, 1976), and is presumed 
to reflect the site of virion formation. Specifically, in the case 
of SeV18+GFP, cell-surface M protein localization appeared to be 
normal at all temperatures, suggesting that a sufficient amount of 

10 virions were formed. On the other hand, in the case of SeV18+/AF-GFP, 
M protein condensation was drastically reduced at 38 °C. M protein 
is believed to localize on cell surfaces, binding to both F and HN 
protein cytoplasmic tails (Sanderson, CM. et a!., J. Virology 68, 
69-76, 1994; Ali, A. et al., Virology 276, 289-303, 2000) . Since one 

15 of these two proteins, namely the F protein, is deleted in 
SeV18+/AF-GFP, F protein deficiency is presumed to have an impact 
on M protein localization. This impact was expected to be stronger 
for SeV18+/MtsHNtsAF-GFP, and it was also expected that, even at 37°C, 
M protein localization would be disturbed and the number of particles 

20 in the secondary release would be reduced. 

[Example 8] Study of the suppression mechanism of secondary particle 
release (2) : 

In order to study the SeV protein' s subcellular localization 
25 in more detail, analyses were carried out using a confocal laser 
microscope (MRC1024; Bio-Rad Laboratories Inc., Hercules, CA) . A-10 
cells (rat myoblasts) were infected with each of SeV18+SEAP/AF-GFP 
and SeV18+SEAP/MtsHNtsAF-GFP (MOJ> 1), and then cultured in MEM 
containing 10% serum at 32 °C or 37 °C. One or two days later, the cells 
30 were immunostained using anti-M antibody and anti-HN antibody. 
Immunostaining was performed as follows: The infected culture cells 
were washed once with PBS. Methanol cooled to -20°C was added to the 
cells, and the cells were fixed at 4°C for 15 minutes. The cells were 
washed three times with PBS, and blocking was then carried out for 
35 one hour at room temperature, using a PBS solution containing 2% goat 
serum, 1% BSA and 0 . 1% Triton. The cells were reacted with an M primary 
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antibody solution (10 ng/mL anti-M antibody) containing 2% goat serum 
at 37 °C for 30 minutes . The cells were then reacted with an HN primary 
antibody solution (1 ^g/mL anti-HN antibody (IL4-1) ) at 37°C for 30 
minutes. After washing three times with PBS, the cells were reacted 
5 with a secondary antibody solution (10 |ig/mL Alexa Fluor 568 goat 
anti-rabbit IgG(H+L) conjugate and 10 fig/mL Alexa Fluor 488 goat 
anti-mouse IgG(H+L) conjugate: Molecular Probes, Eugene, OR) 
containing 2% goat serum at 37 °C for 15 minutes . The cells were washed 
three times with PBS and the nuclei were stained with TO_PR03 

10 (Molecular Probes, Eugene, OR) diluted 4000 times. The cells were 
allowed to stand at room temperature for 15 minutes. Finally, to 
prevent quenching, a Slow Fade Antifade Kit solution (Molecular Probes, 
Eugene, OR) was substituted for the liquid, and the cells were observed 
under a confocal laser microscope. Fig. 13 shows the results one day 

15 after infection. Red represents M protein localization; green, HN 
protein localization; and yellow, co-localization of the two. Far 
red has been subjected to color conversion, and thus blue represents 
the nucleus. In the case of SeV18+SEAP/AF-GFP, each protein's 
localization pattern did not differ largely between 32°C and 37 °C, 

20 and cell-surface localization of the M and HN proteins was observed. 
On the other hand, localization of each protein for 
SeV18+SEAP/MtsHNtsAF-GFP was different at both temperatures from that 
for SeV18+SEAP/AF-GFP. Specifically, hardly any M protein was 
localized. on the cell surface. In particular, at 37 °C, the M and HN 

25 proteins were almost completely separated, such that the M protein 
was localized at sites presumed to be close to the centrosome of 
microtubules (i.e., near the Golgi body). A similar result was 
obtained for cells cultured two days after infection. Particularly 

in SeV18+SEAP/MtsHNtsAF-GFP-infected cells, subcellular M protein 
30 localization did not change between one day and two days after 
infection (Fig. 14) , and protein transport appeared to have stopped. 
This result also showed that the reduced secondary particle release 
by viruses having temperature-sensitive mutations introduced therein 
was caused by a deficiency in localization of the M protein, which 
35 is expected to play a central role in particle formation. 

When the cells were cultured at 32°C after infection with 
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SeV18+SEAP/MtsHNtsAF-GFP, the M protein stained in a morphology 
similar to that of a microtubule (Fig. 13) . To show the involvement 
of microtubules, a reagent that enhances microtubule depolymerization 
was added, and changes in M protein (and the HN protein) localization 
5 were then studied. A-10 cells were infected with 

SeV18+SEAP/MtsHNtsAF-GFP at MOI= 1, and a depolymerization reagent, 
colchicine (Nakarai Tesque, Kyoto, Japan) or colcemid (Nakarai Tesque, 
Kyoto, Japan) , was immediately added at a final concentration of 1 
mM. The cells were then cultured at 32°C. Two days after infection, 

10 the subcellular localizations of the M and HN proteins were observed 
by the same method as described above. In the absence of the 
depolymerization reagent, M protein distribution was similar in 
morphology to a microtubule (Fig. 13) . However, addition of the 
depolymerization reagent resulted in disruption of this structure, 

15 and the M protein was detected as a large fibrous structure (Fig. 
15) . This structure may be an aggregate of the M protein by itself, 
or M protein bound to the residues of depolymerized microtubules. 
In either case, as seen in Fig. 13, it was plausibly judged that the 
M protein was localized on microtubules in cells cultured at 32 °C 

20 after infection with SeV18+SEAP/MtsHNtsAF-GFP . 

In order to clarify whether or not the above-mentioned 
localization of the M protein in microtubules was characteristic of 
temperature-sensitive viruses, the post-infection influence of the 
microtubule depolymerization reagent (colchicine) on changes to M 

25 protein (and HN protein) localization was evaluated for both viruses 
SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP . A-10 cells were infected 
with SeV18+/AF-GFP or SeV18 + /MtsHNtsAF-GFP at MOI= 1, and the 
depolymerization reagent colchicine was immediately added at a final 
concentration of 1 piM. The cells were cultured at 32 °C or 37°C. Two 

30 days after infection, the subcellular localization of the M protein 
(and the HN protein) was observed using the same method as described 
above. The results are shown in Fig. 16. Infected cells exhibited 
similar features for both viruses. Specifically, when the cells were 
cultured at 32°C after infection, the M protein was observed as a 

35 large fibrous structure, similar to that in Fig. 15. The M protein's 
coexistence with microtubules was also suggested for SeV18+/AF-GFP. 
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In particular, in cells infected with SeV18+/MtsHNtsAF-GFP and 
cultured at 37 °C, the M protein was observed to be localized in areas 
supposed to be near the Golgi body. 

Based on the above results, the following can be inferred: the 
5 M protein is synthesized near the Golgi body; it is transported around 
the cell along microtubules (for example, bound to a motor protein 
such as kinesin) , mainly bound to the cytoplasmic tails of the F and 
HN proteins (Sanderson, CM. et al., J. Virology 68, 69-76, 1994; 
Ali, A. et al., Virology 276, 289-303, 2000); and the M protein is 

10 localized on the cell surface, followed by particle formation. In 
viruses comprising a temperature-sensitive mutation, everything up 
to the point of intracellular transport along microtubules may be 
normal at 32°C. However, translocation from microtubules to the cell 
surface may be hindered, resulting in localization along microtubules . 

15 At 37°C, it can be presumed that even intracellular transport along 
microtubules may be hindered, and thus, localization in the vicinity 
of the Golgi body is observed. M protein synthesis is supposed to 
take place near the Golgi body. However, it is possible that M protein 
aggregation is observed at these sites, and that the area of synthesis 

20 itself is elsewhere. However, it has been reported that tubulin, a 
microtubule component, activates and is involved in SeV transcription 
and replication (Moyer, S.A. et al., Proc. Natl. Acad. Sci. U.S.A. 
83, 5405-5409, 1986; Ogino, T. etal., J. Biol. Chem. 274, 35999-36008, 
1999) . Moreover, as the Golgi body is located near the centrosome, 

25 where tubulin is predicted to exist in abundance, the Golgi body can 
be synthesized close to the microtubule central body (i.e., near the 
Golgi body) . In addition, although the SeV mutant strain, Fl-R, 
comprises a mutation in its M gene, it modifies microtubules after 
infecting cells, and this modification may enable particle formation 

30 independent of Fl-R strain cell polarity (Tashiro, M. etal., J.Virol. 
67, 5902-5910, 1993) . In other words, the results obtained in the 
present Example may also be interpreted by assuming the intracellular 
transport of the M protein along tubulin . In this supposed mechanism, 
introduction of temperature-sensitive mutations to the M and HN genes 

35 may result in deficient subcellular M protein localization, resulting 
in a reduction in secondary particle release. 
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[Example 9] Construction of the genomic cDNA of an M gene-deficient 
SeV comprising the EGFP gene: 

Construction of cDNA used the full-length genomic cDNA of an 
5 M-deficient SeV, which is M gene-deficient (pSeV18 + /AM: WO 00/09700) . 
The construction scheme is shown in Fig. 17 . The BstEII fragment (2098 
bp) comprising the M-deficient site of pSeV18+/AM was subcloned to 
the BstEII site of pSE280 (pSE-BstEIIf rg construction) . The EcoRV 
recognition site at this pSE280 site had been deleted by previous 

10 digestion with Sall/Xhol followed by ligation (Invitrogen, Groningen, 
Netherlands) . pEGFP comprising the GFP gene (TOYOBO, Osaka, Japan) 
was digested using Acc65I and EcoRI, and the 5' -end of the digest 
was blunted by filling in using a DNA blunting Kit (Takara, Kyoto, 
Japan) . The blunted fragment was then subcloned into the 

15 pSE-BstEIIfrg, which had been digested with EcoRV and treated with 
BAP (TOYOBO, Osaka, Japan) . This BstEII fragment, comprising the 
EGFP gene, was returned to the original pSeV18 + /AM to construct the 
M gene-deficient SeV genomic cDNA (pSeV18+/AM-GFP) , comprising the 
EGFP gene at the M-deficient site. 

20 

[Example 10] Construction of the genomic cDNA of an M gene- and 
replication ability-deficient SeV: 

The genomic cDNA of an M - and F gene-deficient SeV was 
constructed. The construction scheme described below is shown in Fig. 

25 18. The M gene was deleted using pBlueNaelf rg-AFGFP, which was 
constructed by subcloning a JVael fragment (4922 bp) of the F-deficient 
Sendai virus full-length genomic cDNA comprising the EGFP gene at 
the F gene-deficient site (pSeV18+/AF-GFP: Li, H.-O. et al., J. 
Virology 74, 6564-6569, 2000; WO 00/70070), to the EcoRV site of 

30 pBluescript II (Stratagene, La Jolla, CA) . Deletion was designed so 
as to excise the M gene using the ApaLI site directly behind it. That 
is, the ApaLI recognition site was inserted right behind the P gene, 
so that the fragment to be excised became 6n . Mutagenesis was 
performed using the QuikChange™ Site-Directed Mutagenesis Kit 

35 (Stratagene, La Jolla, CA) according to the kit method. The synthetic 
oligonucleotide sequences used for the mutagenesis were as follows: 
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5' -agagtcactgaccaactagatcgtgcacgaggcatcctaccatcctca-3' / SEQ ID NO: 
2 4 and 

5' -tgaggatggtaggatgcctcgtgcacgatctagttggtcagtgactct-3' /SEQ ID NO: 
25. 

5 After mutagenesis, the resulting mutant cDNA was partially 

digested using ApaLl (at 37°C for five minutes), recovered using a 
QIAquick PCR Purification Kit (QIAGEN, Bothell, WA) , and then ligated 
as it was. The DNA was again recovered using the QIAquick PCR 
Purification Kit, digested with BsmI and StuI, and used to transform 

10 DH5ct to prepare the M gene-deficient (and F gene-deficient) DNA 
(pBlueNaelf rg-AMAFGFP) . 

pBlueNaelf rg-AMAFGFP deficient in the M gene (and the F gene) 
was digested with Sail and ApaLX to recover the 14 80 bp fragment 
comprising the M gene-deficient site. pSeV18+/AF-GFP was digested 

15 with ApaLI/Nhel to recover the HN gene-comprising fragment (6287 bp) , 
and these two fragments were subcloned into the Sall/Nhel site of 
Litmus 38 (New England Biolabs, Beverly, MA) 

(LitmusSall/Nhelf rg-AMAFGFP construction) . The 77 67 bp fragment 
recovered by digesting LitmusSall/Nhelf rg-AMAFGFP with Sall/Nhel was 

20 ligated to another fragment (8294 bp) obtained by digesting 
pSeV18+/AF-GFP with Sall/Nhel, that did not comprise genes such as 
the M and HN genes. In this way an M- and F-deficient Sendai virus 
full-length genome cDNA comprising the EGFP gene at the deficient 
site (pSeV18+/AMAF-GFP) was constructed. Structures of the 

25 M-deficient (and the M- and F-deficient) viruses thus constructed 
are shown in Fig. 19. This genomic cDNA is useful for constructing 
M- and F-deficient SeV comprising the desired, modified F protein. 

[Example 11] Preparation of helper cells expressing SeV-M proteins 
30 To prepare helper cells expressing M proteins, the Cre/loxP 

expression induction system was used. For constructing this system, 
plasmid, pCALNdLw, which is designed to induce the expression of gene 
products using the Cre DNA recombinase, was used (Arai, T. et al., 
J. Virol. 72, 1115-1121, 1988) . This system was also employed for 
35 the preparation of helper cells (LLC-MK2/F7 cells) for the F protein 
(Li, H.-O. et al., J. Virology 74, 6564-6569, 2000; WO 00/70070). 
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<1> Construction of M gene-expressing plasmids: 
To prepare helper cells which induce the expression of the F 
and M proteins, the above-described LLC-MK2/F7 cells were used to 
5 transfer the M gene to these cells using the above-mentioned system. 
Since the pCALNdLw/F used in the transfer of the F gene contained 
the neomycin resistance gene, it was essential to insert a different 
drug resistance gene to enable use of the same cells. Therefore, 
according to the scheme described in Fig. 20, the neomycin resistance 

10 gene of the M gene-comprising plasmid (pCALNdLw/M: the M gene was 
inserted at the Swal site of pCALNdLw) was replaced with the hygromycin 
resistance gene. That is, after pCALNdLw/M was digested with Hindi 
and EcoT22I, an M gene-comprising fragment (4737 bp) was isolated 
by electrophoresis on agarose and the corresponding band was excised 

15 and recovered using the QIAEXII Gel Extraction System. At the same 
time, pCALNdLw/M was digested with Xhol to recover a fragment that 
did not comprise the neomycin resistance gene (5941 bp) and then 
further digested with Hindi to recover a 1779 bp fragment. The 
hygromycin resistance gene was prepared by performing PCR using 

20 pcDNA3 . lhygro (+) (Invitrogen, Groningen, Netherlands) as the 
template and the following pair of primers: 
hygro-5' 

(5' -tctcgagtcgctcggtacgatgaaaaagcctgaactcaccgcgacgtctgtcgag-3' / 
SEQ ID NO: 26) and 
25 hygro-3' 

(5' -aatgcatgatcagtaaattacaatgaacatcgaaccccagagtcccgcctattcctttgc 
cctcggacgagtgctggggcgtc-3' ) /SEQ ID NO: 27). 

The PCR product was recovered using the QIAquick PCR 
Purification Kit, and then digested using Xhol and £coT22I. 
30 pCALNdLw-hygroM was constructed by ligating these three fragments. 



<2> Cloning of helper cells which induce the expression of SeV-M 
and SeV-F proteins: 

Transfection was performed using the Superfect Transfection 
35 Reagent by the method described in the Reagent's protocol. 
Specifically, the following steps were performed: LLC-MK2/F7 cells 
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were plated on 60 mm diameter Petri dishes at 5x 10 5 cells/dish, and 
then cultured in D-MEM containing 10% FBS for 24 hours. 
pCALNdLw-hygroM (5 |ig) was diluted in D-MEM containing neither FBS 
nor antibiotics (150 \il in total) . This mixture was stirred, 30 ^1 
5 of the Superfect Transfection Reagent was added, and the mixture was 
stirred again. After standing at room temperature for ten minutes, 
D-MEM containing 10% FBS (1 ml) was added. The transfection mixture 
thus prepared was stirred, and added to LLC-MK2/F7 cells which had 
been washed once with PBS. After three hours of culture in an 

10 incubator at 37 °C and in 5% C0 2 atmosphere, the transfection mixture 
was removed, and the cells were washed three times with PBS. D-MEM 
containing 10% FBS (5 ml) was added to the cells, which were then 
cultured for 24 hours. After culture, the cells were detached using 
trypsin, plated onto a 96-well plate at a dilution of about 5 

15 cells/well, and cultured in D-MEM containing 10% FBS supplemented 
with 150 ng/ml hygromycin (Gibco-BRL, Rockville, MD) for about two 
weeks. Clones propagated from a single cell were cultured to expand 
to a 6-well plate culture. A total of 130 clones .were thus prepared, 
and were analyzed as detailed below. 

20 

<3> Analysis of helper cell clones which induce the expression 
of SeV-M (and SeV-F) protein (s): 

Western blotting was used to semi-quantitatively analyze M 
protein expression in the 130 clones obtained as detailed above. Each 

25 clone was plated onto a 6-well plate, and, when in a state of near 
confluence, infected at MOI= 5 with a recombinant adenovirus 
expressing Cre DNA recombinase (AxCANCre) diluted in MEM containing 
5% FBS, according to the method of Saito et al. (Saito, I. et al., 
Nucleic Acids Res. 23, 3816-3821, 1995; Arai, T. et al. r J. Virol. 

30 72, 1115-1121, 1998). After culturing at 32°C for two days, the 
culture supernatant was removed. The cells were washed once with PBS, 
and recovered by detachment using a cell scraper. SDS-PAGE was 
performed by applying 1/10 of the cells thus recovered per lane, and 
then Western blotting was carried out using anti-M protein antibody, 

35 according to the method described in Examples 3 and 4. Of the 130 
clones, those showing relatively high M protein expression levels 
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were also analyzed by Western blotting using the anti-F protein 
antibody (f236: Segawa, H. etal., J. Biochem. 123, 1064-1072, 1998). 
Both results are described in Fig. 21. 

5 [Example 12] Evaluation of helper cells inducing the expression of 
SeV-M proteins: 

Using the helper cells inducing the expression of SeV-M proteins 
cloned in Example 11, virus reconstitution of M-deficient SeV 
(SeV18+/AM-GFP) was carried out to evaluate virus-producing ability 

10 of these cell clones. P0 lysate of SeV18 + /AM-GFP was added to each 
clone, and whether or not GFP protein spread was observed (whether 
or not the trans-supply of M protein was achieved) was examined. P0 
lysate was prepared as follows. LLC-MK2 cells were plated on 100-mm 
diameter Petri dishes at 5x 10 6 cells/dish, cultured for 24 hours, 

15 and then infected at MOI= 2 with PLWUV-VacT7 at room temperature for 
one hour. Plasmids pSeV18+/AM-GFP, pGEM/NP, pGEM/P, pGEM/L, 
pGEM/F-HN and pGEM/M were suspended in Opti-MEM at weight ratios of 
12 jig, 4 \ig, 2 jig, 4 ^g, 4 ^g and 4 jig/dish, respectively. To these 
suspensions, the equivalent of 1 jag DNA/5 \il of SuperFect transfection 

2 0 reagent was added and mixed. The mixture was allowed to stand at room 
temperature for 15 minutes, and finally added to 3 ml of Opti-MEM 
containing 3% FBS . This mixture was added to the cells, which were 
then cultured. After culturing for five hours, the cells were washed 
twice with serum-free MEM, and cultured in MEM containing 40 \xg/ml 

25 AraC and 7.5 jxg/ml trypsin. After 24 hours of culture, LLC-MK2/F7/A 
cells were layered at 8 . 5x 10 6 cells/dish, and further cultured in 
MEM containing 4 0 |xg/ml AraC and 7.5 jag/ml trypsin at 37 °C for two 
days (P0) . These cells were recovered, the pellet was suspended in 
2 ml/dish Opti-MEM, and P0 lysate was prepared by repeating three 

30 cycles of freezing and thawing . At the same time, ten different clones 
were plated on 24-well plates. When nearly confluent, they were 
infected with AxCANCre at MOI= 5, and cultured at 32 °C for two days. 
These cells were transfected with P0 lysate of SeV18+/AM-GFP at 200 
jil/well, and cultured using serum-free MEM containing 40 (ig/ml AraC 

35 and 7 . 5 fig /ml trypsin at 32 °C . GFP protein spread due to SeV18 + /AM-GFP 
was observed in clones #18 and #62 (Fig. 36) . This spread was 
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especially rapid in clone #62, which was used in subsequent 
experiments . Hereafter, these cells prior to induction with AxCANCre 
are referred to as LLC-MK2/F7/M62 . After induction, cells which 
continuously express F and M proteins are referred to as 
5 LLC-MK2/F7/M62/A. Preparation of SeV18+/AM-GFP cells was continued 
using LLC-MK2/F7/M62/A cells. Six days after P2 infection, 9 . 5x 10 7 
GFP-CIU viruses were prepared. Five days after P4 infection, 3.7x 
10 7 GFP-CIU viruses were prepared. 

As indicated in Example 3, it was presumed that culturing at 

10 32 °C or such after the PI stage is significantly important for recovery 
of the SeV18+/AM-GFP virus. In SeV18+/AM-GFP, in trans supply of M 
protein from expression cells (LLC-MK2/F7/M62/A) is thought to be 
a cause; however, spread of infection was extremely slow and was 
finally observed seven days after PI infection (Fig. 22) . Thus, as 

15 in the viral reconstitution experiments, "culturing at 32°C after 
the PI stage" is supported as being very effective in reconstituting 
SeV having inefficient transcription-replication or poor ability to 
form infectious virions. 

20 [Example 13] Investigation of virus producing conditions using helper 
cells inducing the expression of SeV-M proteins: 

The productivity of the above-described virus was also 
investigated. LLC-MK2/F7/M62/A cells were plated on 6-well plates 
and cultured at 37 °C. When the cells were nearly confluent, they were 

25 shifted to 32 °C. One day later, these cells were infected at MOI= 
0.5 with SeV18+/AM-GFP. The culture supernatant was recovered over 
time, and replaced with fresh medium. Supernatants thus recovered 
were assayed for CIU and HAU. Most viruses were recovered four to 
six days after infection (Fig. 23) . HAU was maintained for six or 

30 more days after infection, however cytotoxicity was strongly 
exhibited at this point, indicating the cause was not HA protein 
originating in viral particles, but rather the activity of HA protein 
free or bound to cell debris. Therefore for virus collection, the 
culture supernatant is preferably recovered by the fifth day after 

35 infection. 
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[Example 14] Structural confirmation of the M gene-deficient SeV: 
SeV18+/AM-GFP' s viral genes were confirmed by RT-PCR, and the 
viral proteins by Western blotting. In RT-PCR, the P2 stage virus 
six days after infection was used. QIAamp Viral RNA Mini Kit (QIAGEN, 
5 Bothell, WA) was used in the recovery of RNA from the viral solution. 
Thermoscript RT-PCR System (Gibco-BRL, Rockville, MD) was used to 
prepare the cDNA. Both systems were performed using kit protocol 
methods. The random hexamer supplied with the kit was used as the 
primer for cDNA preparation. To confirm that the product was formed 

10 starting from RNA, RT-PCR was performed in the presence or absence 
of reverse transcriptase. PCR was performed with the above-prepared 
cDNA as the template, using two pairs of primers: one combination 
of F3593 (5' -ccaatctaccatcagcatcagc-3' /SEQ ID NO: 28) on the P gene 
and R4993 (5' -ttcccttcatcgactatgacc-3' /SEQ ID NO: 29) on the F gene, 

15 and another combination of F3208 ( 5' -agagaacaagactaaggctacc-3' /SEQ 
ID NO: 30) on the P gene and R4993 . As expected from the gene structure 
of SeV18+/AM-GFP, amplifications of 1073 bp and 1458 bp DNAs were 
observed from the former and latter combinations respectively (Fig. 
24). When reverse transcriptase was omitted (RT-) , gene 

20 amplification did not occur. When the M gene was inserted instead 
of the GFP gene (pSeV18+GFP) , 1400 bp and 1785 bp DNAs were amplified 
respectively. These DNAs are clearly different in size from those 
described above, supporting the fact that this virus is M 
gene-deficient in structure. 

25 Protein confirmation was performed using Western blotting. 

LLC-MK2 cells were infected at MOI= 3 with SeV18+/AM-GFP (shown as 
AM in Figures) , SeV18+/AF-GFP (shown as AF in Figures) , and SeV18+GFP 
(shown as 18+ in Figures), respectively, and the culture supernatant 
and cells were recovered three days after infection. The culture 

30 supernatant was centrifuged at 48, 000 xg for 45 minutes to recover 
viral proteins. After SDS-PAGE, Western blotting was performed to 
detect proteins using anti-M protein antibody, anti-F protein 
antibody, and DN-1 antibody (rabbit polyclonal) which mainly detects 
NP protein, according to the method described in Examples 3 and 4. 

35 In cells infected with SeV18+/AM-GFP, the M protein was not detected 
while the F and/or NP proteins were observed. Therefore, this virus 
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was also confirmed to have the SeV18 + /AM-GFP structure from the point 
of view of proteins (Fig. 25) . The F protein was not observed in cells 
infected with SeV18+/AF-GFP, while all viral proteins examined were 
detected in cells infected with SeV18+GFP. In addition, very little 
5 NP protein was observed in the culture supernatant in the case of 
infection with SeV18+/AM-GFP, indicating that there were no or very 
few secondarily released particles. 

[Example 15] Quantitative analysis concerning the presence or absence 

10 of secondarily released particles of M gene-deficient SeV: 

As described in Example 14, LLK-MK2 cells were infected with 
SeV18+/AM-GFP at MOI= 3, the culture supernatant was recovered three 
days after infection, filtered through an 0 . 45 pore diameter filter, 
and then centrifuged at 48,000 xg for 45 minutes to recover viral 

15 proteins. Western blotting was then used to semi-quantitatively 
detect viral proteins in the culture supernatant. Samples similarly 
prepared from cells infected with SeV18+/AF-GFP were used as the 
control. Serial dilutions of respective samples were prepared and 
subjected to Western blotting to detect proteins using the DN-1 

20 antibody (primarily recognizing NP protein) . The viral protein level 
in the culture supernatant of cells infected with SeV18+/AM-GFP was 
estimated to be about 1/100 that of cells infected with SeV18 + /AF-GFP 
(Fig. 26) . Sample HA activities were 64 HAU for SeV18+/AF-GFP, 
compared to less than 2 HAU for SeV18+/AM-GFP . 

25 Time courses were examined for the same experiments. That is, 

LLC-MK2 cells were infected at MOI= 3 with SeV18+/AM-GFP, and the 
culture supernatant was recovered over time (every day) to measure 
HA activity (Fig. 27) . Four days or more after infection, slight HA 
activity was detected. However, measurements of LDH activity, an 

30 indicator of cytotoxicity, revealed clear cytotoxicity four or more 
days after infection in the SeV18 + /AM-GFP-inf ected cells (Fig. 28) . 
This indicated the strong possibility that elevated HA activity was 
not due to VLPs, but to the activity of HA protein bound to or free 
from cell debris . Furthermore, the culture supernatant obtained five 

35 days after infection was examined using Dosper Liposomal Transfection 
Reagent, a cationic liposome (Roche, Basel, Switzerland) . The 
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culture supernatant (100 (xl) was mixed with Dosper (12.5 pi), allowed 
to stand at room temperature for ten minutes, and then transfected 
to LLC-MK2 cells cultured to confluency on 6-well plates. Inspection 
under a fluorescence microscope two days after transfection revealed 
5 that many GFP-positive cells were observed in the supernatant of cells 
infected with SeVl 8 +/AF - GFP which contained secondarily released 
particles, while very few or almost no GFP-positive cells were 
observed in the supernatant of cells infected with SeV18+/AM-GFP (Fig. 
29) . From the above results, the secondary release of particles was 
10 concluded to be almost completely suppressed by an M protein 
deficiency. 

2. Construction of the SeV vector with decreased or defective 
particle forming ability due to modified protease-dependent tropism 
15 Utilizing the reconstitution system for the M-defective SeV 

constructed above, SeV in which the cleavage site of the F protein 
is modified, as shown below, was constructed. 

[Example 16] Construction of an M-deficient SeV genomic cDNA with 

20 modified F protein activation site: 

An M-deficient SeV genomic cDNA inserted with a recognition 
sequence for a protease highly expressed in cancer cells at the F1/F2 
cleavage site (activation site) of the F protein was constructed. 
Various sequences based on sequences used as synthetic substrates 

25 of MMP-2 and MMP-9, and sequences based on substrates of uPA were 
designed. Fig. 30 shows four kinds of sequences: two sequences 
designed based on the sequence of synthetic substrates utilized as 
substrates of MMP-2 and MMP-9 (Netzel-Arnett , S. etal., Anal. Biochem. 
195, 86-92, 1991) with additional modifications [PLGjMTS (SEQ ID NO: 

30 3) and PLGiLGL (SEQ ID NO: 31); hereinafter, F proteins comprising 
these sequences is referred to as F(MMP#2) and F(MMP#3), 
respectively] ; another sequence designed by inserting only the 
three-amino acid sequence, PLG, that is common to synthetic substrates 
of MMP (hereinafter, the F protein having this sequence is referred 

35 to as F(MMP#4)); and the sequence designed based on a substrate of 
uPA, VGR (SEQ ID NO: 6), (hereinafter, the F protein comprising this 
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sequence is referred to as F(uPA)). 

For actual sequence designing to achieve a more selective action 
towards the MMPs of interest (MMP-2 and MMP-9), the sequences of 
commercially available synthetic substrates, as well as reports that 
5 made detailed examinations of substrate specificity (Turk, B.E. et 
al. , Nature Biotech. 19(7), 661-667, 2001; Chen, E.I. et al. , J. Biol. 
Chem. 277(6), 4485-4491, 2002) can be referenced. Particularly for 
MMP-9, a consensus sequence f rom P3 to P2' , Pro-X-X-Hy- (Ser/Thr) (X= 
any residues; Hy= hydrophobic residues ) , is recommended (Kridel, S.J. 

10 et al., J. Biol. Chem. 276(23), 20572-20578, 2001). Therefore, 
F(MMP#2) was newly designed as the present design, PLGjMTS, from the 
sequence of the original synthetic substrate, PLGjMWS, so that it 
matches the consensus sequence. 

The gene construction scheme is shown in Fig. 31. The 

15 full-length genomic cDNA (pSeV18+/AM-GFP) of M-deficient Sendai virus , 
in which an EGFP gene is inserted at M-deficient site, was digested 
with Sail and Nhel. The fragment (9634 bp) comprising the F gene was 
separated by agarose gel electrophoresis, and then the corresponding 
band was cut out and collected with QIAEXII Gel Extraction System 

20 (QIAGEN, Bothell, WA) . The obtained fragment was subcloned into the 
Sail /Nhel site of LITMUS38 (New England Biolabs, Beverly, MA) 
(construction of LitmusSall/Nhelf rgAM-GFP) . Mutagenesis to the F 
gene was performed on this LitmusSall/Nhelf rgAM-GFP, using 
QuickChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, 

25 CA) according to the method described in the kit. The sequences of 
the synthetic oligos used for the mutagenesis were as follows: 
5' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCatGaCGAGtTTCTTCGGTGCTGT 
GATTGGTACTATC- 3 ' (SEQ ID NO: 32) 
and 

30 5' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCatGccAagAggGGCATTTTGTGTCGTA 
TCATTGGTGACAG- 3 ' (SEQ ID NO: 33) for the conversion to F(MMP#2); 
5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGtt ATTCTTCGGTGCTGT 
GATTGGTACTATCG- 3 ' (SEQ ID NO: 34) 
and 

35 5 ' -CGATAGTACCAATCACAGCACCGAAGAATaaCccCaGGccAagAggGGCATTTTGTGTCGT 
• ATCATTGGTGACAG-3' (SEQ ID NO: 35) for the conversion to F(MMP#3); 
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5' -CAAAATGCCGGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT-3' (SEQIDNO: 36) 
and 

5' -AATCACAGCACCGAAGAATCcCaACgGGGGAGCACCGGCATTTTG-3 , (SEQ ID NO: 37 ) 
for the conversion to F(MMP#4); 
5 and 5 ' -GACACAAAATGCCGGTGCTCCCgtGggGAGATTCTTCGGTGCTGTGATTG- 3 ' (SEQ 
ID NO: 38) 

and 5' -CAATCACAGCACCGAAGAATCTCccCacGGGAGCACCGGCATTTTGTGTC-3' (SEQ 

ID NO: 39) for the conversion to F(uPA) . 

Lower case letters indicate mutated nucleotides. 

10 LitmusSall/Nhelf rgAM-GFP comprising an objective mutation on 

the F gene was digested with Sall/Nhel to collect a fragment (9634 
bp) comprising the F gene. The full-length genomic cDNA of 
F-deficient Sendai virus comprising the EGFP gene at the F-deficient 
site (pSeV18+/AF-GFP: Li, H.-O. etal., J. Virol. 74, 6564-6569, 2000; 

15 WO 00/70070) was digested with Sail and Nhel to collect an NP 
gene-comprising fragment (8294 bp), and a multicloning site was 
introduced to the fragment using synthetic oligo DNA to obtain a 
plasmid (pSeV/ASallNhelf rg-MCS : PCT/JP00/06051) . The obtained 
plasmid was digested with Sail and Nhel to collect a fragment (82 94 

20 bp) . These collected fragments were ligated to each other to 
construct an M-deficient SeV cDNA (pSeV18+/F (MMP#2 ) AM-GFP, 
pSeV18+/F(MMP#3) AM-GFP, or pSeV18+/F (MMP#4 ) AM-GFP) comprising the 
F(MMP#2), F(MMP#3), or F(MMP#4) gene (an F gene designed to be 
activated by MMP) , and M-deficient SeV cDNA (pSeV18+/F (uPA) AM-GFP) 

25 comprising the F(uPA) gene (an F gene designed to be activated by 
uPA) . 

[Example 17] Reconstitution and amplification of an M-deficient SeV 
vector having a modified F activation site: 

30 Reconstitution of the virus was performed according to the 

procedure reported by Li et al. (Li, H.-O. et al., J. Virol. 74, 
6564-6569, 2000; WO 00/70070) . Since the virus was an M-deficient 
form, the above-mentioned helper cells (as in Example 11) that provide 
the M protein in trans were used. The Cre/loxP expression induction 

35 system was used for helper cell production. The system utilized the 
pCALNdLw plasmid designed to induce the expression of gene products 
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with Cre DNA recombinase (Arai, T. et al., J. Virol. 72, 1115-1121, 
1988) . Thus, a recombinant adenovirus (AxCANCre) expressing Cre DNA 
recombinase was infected to the transformant of this plasmid using 
the method of Saito et al. (Saito, I. et al., Nucleic Acids Res. 23, 
5 3816-3821, 1995; Arai, T. et al., J. Virol. 72, 1115-1121, 1998) to 
express the inserted genes (see Examples 11 and 12) . 

The reconstitution of the M-deficient SeV in which the 
activation site of F was modified was performed as follows. LLC-MK2 
cells were plated onto a 100-mm dish at a density of 5x 10 6 cells/dish 

10 and incubated for 24 hours. Recombinant vaccinia viruses 
(PLWUV-VacT7: Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 
8122-8126, 1986) expressing T7 polymerase was treated with psoralen 
under ultraviolet A irradiation (365 nm) for 20 minutes, and infected 
(at MOI= 2) to the cells at room temperature for one hour. The cells 

15 were washed with serum-free MEM. pSeV18+/F (MMP#2 ) AM-GFP 

(alternatively, pSeV18+/F (MMP#3) AM-GFP, pSeV18+/F (MMP#4) AM-GFP, or 
pSeV18+/F(uPA) AM-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A. et al., 
Genes Cells 1, 569-579, 1996), and pGEM/F-HN (Li, H.-O. et al., J. 
Virology 74, 6564-6569, 2000; WO 00/70070) plasmids were suspended 

20 in Opti-MEM (Gibco-BRL, Rockville, MD) at densities of 12 |^g, 4 jag, 
2 ^g, 4 ^g, and 4 ng per dish, respectively. SuperFect transfection 
reagent (Qiagen, Bothell, WA) corresponding to 5 jaL per 1 ^tg DNA was 
added to respective solutions, mixed, and then allowed standing at 
room temperature for 15 minutes. Finally, the mixture was added to 

25 3 mL of Opti-MEM comprising FBS at a final concentration of 3%, and 
then added to the cells for culture. After five hours of culturing, 
the cells were washed twice in serum-free MEM, and were cultured in 
MEM containing 40 ^ig/mL Cytosine p-D-arabinof uranoside (AraC: Sigma, 
St. Louis, MO) and 7.5 )ig/mL trypsin (Gibco-BRL, Rockville, MD) . 

30 After culturing for 24 hours, cells (LLC-MK2/F7/M62/A) that 
continuously expressed the M protein were layered at a density of 
8.5x 10 6 cells/dish, and cultured in MEM containing 40 ^ig/mL AraC and 
7.5 jig/mL trypsin at 37°C for another two days (P0) . These cells were 
collected and the pellet was suspended in 2 mL/dish of Opti-MEM. After 

35 repeating three cycles of freezing and thawing, the lysate was 
directly transfected to LLC-MK2/F7/M62/A, and cultured at 32 °C in 
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serum-free MEM containing 40 )ig/mL AraC, 7.5 |!g/mL Trypsin, and 50 
U/mL type IV collagenase (ICN, Aurola, OH) (PI) . Three to 14 days 
later, a portion of the culture supernatant was sampled and infected 
to freshly prepared LLC-MK2/F7/A, and cultured at 32°C in serum-free 
5 MEM containing 40 |ag/mL AraC, 7.5 (ig/mL trypsin, and 50 U/mL type IV 
collagenase (P2). Three to 14 days later, this was reinfected to 
freshly prepared LLC-MK2/F7/M62/A and cultured at 32 °C for 3 to 7 
days in serum-free MEM containing 7.5 jag/mL trypsin and 50 U/mL type 
IV collagenase (P3) . BSA was added to the collected culture 

10 supernatant to a final concentration of 1%, and culture was stored 
at -80 °C. The viral stock solution was thawed for later production 
and in vitro experiments. 

Furthermore, helper cells (LLC-MK2/F7/M62-#33) which enables 
production of the M-deficient SeV vector at higher titers was 

15 successfully obtained by introducing the SeV-M gene (and SeV-F gene) 
of the same system (pCALNdLw: Arai, T. et al . , J. Virol . 72, 1115-1121, 
1988) into LLC-MK2/F7/M62 as the helper cell that provides the M 
protein in trans and continuing the cloning of cells. Using these 
cells, an M-deficient SeV vector (SeV18+/AM-GFP) in which the F gene 

20 has not been mutated can be produced at titers of lx 10 8 GFP-CIU/mL 
(GFP-CIU is defined in WO 00/70070) or more. In addition, the use 
of these cells accomplished also the preparation of both 
SeV18+/F(MMP#2) AM-GFP and SeV18+/F (uPA) AM-GFP at a titer of lx 10 8 
GFP-CIU/mL or more. 

25 When reconstitution was similarly performed for 

SeV18 + /F(MMP#3) AM-GFP and SeV18+/F (MMP#4 ) AM-GFP, no viral particles 
could be collected. In order to collect these viral particles, 
conditions for reconstitution must be further examined. Considering 
the fact that they could not be collected under the same conditions, 

30 there may be problems with the design of the F1/F2 cleavage sites 
(activation sites of F protein) in F (MMP#3) andF(MMP#4), which cause, 
for example, poor cleavage efficiency or weak activity of the cleaved 
F protein. On the other hand, since high titers of viral particles 
were collected with the design of F(MMP#2), this was considered to 

35 be a good design which shows good cleavage efficiency, and which does 
not affect the activity of the cleaved F protein. 
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[Example 18] Preparation of in vivo samples of an M-deficient SeV 
vector having a modified F activation site: 

Various M-deficient SeV vectors for in vivo examinations were 
5 prepared by simple purification, wherein the viral particles were 
spun down by centrif ugation . LLC-MK2/F7/M62-#33 was grown in a 
6-well plate until nearly confluent, infected with AxCANCre (MOI= 
5) , and then cultured at 32 °C for two days. These cells were infected 
with SeV18+/F (MMP#2 ) AM-GFP or SeV18+/AM-GFP at MOI= 0.5. Then, the 

10 cells were cultured for three days at 32 °C in serum-free MEM (1 
mL/well) containing 7.5 |ig/mL trypsin and 50 U/mL type IV collagenase 
for SeV18+/F(MMP#2) AM-GFP; and in serum-free MEM (1 mL/well) 
containing only 7.5 ^ig/mL trypsin for SeV18+/AM-GFP . The 
supernatants were collected from the six wells and combined together, 

15 then centrifuged at 2,190 xg for 15 minutes. The collected 
supernatants were passed through a filter with pores having an inside 
diameter of 0.45 |im, and then further centrifuged at 40, 000 xg for 
30 minutes. The resulting pellet was suspended in 500 |iL of PBS to 
prepare purified virus solutions. The titer of the M-deficient SeV 

20 vectors prepared as described above was 1 . 3x 10 9 and 4 . 5x 10 9 GFP-CIU/mL 
for SeV18+/F(MMP#2) AM-GFP and SeV18+/AM-GFP, respectively. The F 
proteins in the viruses prepared in Examples 17 and 18 are cleaved, 
and the viruses have infectivity. Such SeVs are called F-cleaved SeV 
or infective SeV. Hereinafter, SeV18+/AM-GFP, 

25 SeV18+/F(MMP#2) AM-GFP, and SeV18+/F (uPA) AM-GFP are also abbreviated 
as SeV/AM-GFP, SeV/F (MMP#2 ) AM-GFP, and SeV/F (uPA) AM-GFP, 
respectively. 

[Example 19] Method for evaluating protease-dependent infection and 
30 cell fusogenic infection of F-modified, M-deficient SeV vectors: 

<1> Exogenous experiment: 

An infection procedure in which an extracellular protease is 
added to a cell line is called an exogenous experiment. The basic 
35 procedure of the exogenous experiment performed in the following 
Examples is described below. The use of different conditions is 
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described in respective Examples. LLC-MK2 was cultured until 
confluence in a 96-well plate (5x 10 5 cells/well) - After washing 
twice with MEM, 50 |iL MEM containing SeV [F-cleaved form: lx 10 5 CIU/mL, 
or F-uncleaved form: lx 10 7 particles/mL (in HA units; see Example 
5 25)] was added and infected to the cells. Simultaneously, 50 j^L of 
protease-containing MEM was also added thereto, and the cells were 
cultured at 37 °C. Four days later, the spread of the infection was 
observed under a fluorescent microscope. The number of cells 
expressing GFP per cells in 1 mm 2 was counted. The proteases to be 
10 used were purchased from ICN Biomedicals Inc. for collagenase (type 
IV collagenase) , andMMP-2 (active MMP-2 ) , MMP-3, MMP-7, MMP-9 (active 
MMP-9) , and plasmin were purchased from COSMO BIO Co. ltd. 

<2> Endogenous experiment: 

15 An infection procedure achieved by intracellularly expressed 

protease without extracellular addition of protease is called an 
endogenous experiment. The basic procedure of the endogenous 
experiment performed in the following Examples is described below. 
The use of different conditions is described in respective Examples. 

20 Respective cancer cells were cultured in a 96-well plate until 
confluence (5x 10 5 cells/well) . After washing twice with MEM, 50 nL 
MEM containing SeV [F-cleaved form: lx 10 5 CIU/mL or F-uncleaved form: 
lx 10 7 HAU/mL (see Example 25)] was added and infected to the cells. 
Simultaneously, FBS was added to the medium at a final concentration 

25 of 1% . Four days later, the spread of the infection was observed under 
a fluorescent microscope. The number of cells expressing GFP per 
cells in 1 mm 2 was counted. 

[Example 20] Protease-dependent cell fusogenic infection by an 
30 F-modified M-deficient Sendai viral vector (Exogenous experiment) : 
Using LLC-MK2 cells that hardly express proteases, modification 
of F was confirmed and assayed by the above-mentioned exogenous 
experiment to determine whether it causes protease-dependent cell 
fusogenic infection (Fig. 32) . Three types of M-deficient SeVs (as 
35 in Example 17), SeV/AM-GFP, SeV/F (MMP#2 ) AM-GFP, and SeV/F (uPA) AM-GFP, 
were infected to cells. Simultaneously, 0.1 |ag/mL each of type IV 
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collagenase (Clostridium histolyticum) , active MMP-2, active MMP-9, 
or uPA, or 7 . 5 jig/mL trypsin was added thereto . Four days later, cells 
were observed under a fluorescence microscope. Only in LLC-MK2 to 
which trypsin was added, SeV/AM-GFP with unmodified F caused cell 
5 fusion of the infected cells with their surrounding cells, resulting 
in cell fusogenic infection and multinuclear cell (syncytia) 
formation (Fig. 32L) . SeV/F (MMP#2 ) AM-GFP inserted with an MMP 
degradation sequence into the F protein gene showed cell fusogenic 
infection of LLC-MK2 to which collagenase, active MMP-2, and active 

10 MMP-9 hade been added, resulting in formation of syncytia (Fig. 32E, 
32F, and 32M) . On the other hand, SeV/F (uPA) AM-GFP inserted with 
urokinase-type plasminogen activator (uPA) and tissue-type PA (tPA) 
degradation sequences into the F protein showed cell fusogenic 
infection in the presence of trypsin, and, upon further modification 

15 of the F protein, showed the formation of syncytia, multinuclear cells, 
in the presence of uPA (Fig. 32Q and 32R) . These results indicate 
that, due to the incorporation of each of the protease degradation 
substrate sequences into the F protein, an M-deficient SeV causes 
degradation substrate sequence-dependent cell fusogenic infection 

20 and spread to contacting cells. 

[Example 21] MMP expression-specific cell fusogenic infection of 
cancer cell lines (Endogenous experiment) : 

Using the SeV prepared in Example 17, an endogenous experiment 

25 was performed to determine whether or not endogenous protease 
selective cell fusogenic infection occurs. An MMP-expressing cancer 
cell line, HT1080 (human fibroblastic sarcoma) (Morodomi, T. et al., 
Biochem. J. 285 (Pt 2), 603-611, 1992), a tPA-expressing cell line, 
MKN28 (human gastric cancer cell line) (Koshikawa, N. et al., Cancer 

30 Res. 52, 5046-5053, 1992), and a cell line expressing neither protease, 
SW620 (human colon cancer line), were used. MKN28 was provided from 
Riken Institute of Physical and Chemical Research (Cell No. RCB1000) , 
while HT1080 (ATCCNo. CCL-121) and SW620 (ATCCNo. CCL-227), as well 
as SW480 (ATCCNo. CCL-228), WiDr (ATCCNo. CCL-218), and Panc-1 (ATCC 

35 No. CRL-1469) that were used in the following Examples were provided 
from American type culture collection (ATCC) . The media used at the 
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respective institutions that handed out the cells were used in the 
experiment. In addition, FBS was added to all of the media at a final 
concentration of 1% . As shown in Fig . 33, in MMP-expressing cell line, 
HT1080, only the infection with SeV/F (MMP#2 ) AM-GFP spread ten times 
5 or more. Furthermore, in tPA-expressing cell line, MKN2 8 , cell 

fusogenic infection spread with only SeV/F (uPA) AM-GFP . In SW620, 
which expresses neither protease, no spreading of infection was 
observed at all. 

10 [Example 22] Cell fusogenic infection due to MMP induction by phorbol 
ester: 

MMP is reported to be induced in vivo in cancer cells due to 
the growth factors and such existing around the cells. This 
phenomenon can be reproduced in vitro using a phorbol ester, phorbol 

15 12-myristate 13-acetate (PMA) . To investigate infection that occurs 
under reproduced conditions in which MMP expression is induced, Panel, 
a pancreatic cancer cell line known to activate MMP-2 and induce MMP-9 
via PMA, was used to examine the presence or absence of cell fusogenic 
infection by F-modified M-deficient SeV vector (Zervos, E.E. et al., 

20 J. Surg. Res. 84, 162-167, 1999). Panel and other cancer cell lines 
were cultured in a 96-well plate until confluence (5x 10 5 cells/well) . 
The endogenous experiment was performed using SeV prepared in Example 
17. After washing twice with MEM, 50 MEM containing lx 10 5 CIU/mL 
SeV was added for infection (at MOI= 0.01) . The same amount (50 |aL) 

25 of MEM containing 40 nM phorbol 12-myristate 13-acetate (Sigma) was 
added thereto. Simultaneously, FBS was added to the medium at a final 
concentration of 1%. 

The induced expression of MMP-2 and MMP-9 was confirmed by 
gelatin zymography in which the portion where gelatinolytic activity 

30 exists becomes clear (Johansson, S., and Smedsrod, B., J. Biol. Chem. 
261, 4363-4366, 1986). Specifically, the supernatant of each culture 
was collected and dissolved in a sample buffer. This was mixed with 
acrylamide to a final concentration of 1 mg/mL gelatin to prepare 
an 8% acrylamide gel. After SDS polyacrylamide gel electrophoresis, 

35 the gel was washed with 10 mM Tris (pH 8.0) and 2.5% Triton X-100, 
incubated in gelatinase activation buffer (50 mM Tris, 0 . 5 mM CaCl2/ 
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10~ 6 M Z11CI2) at 37 °C for one day, and stained with 1% Coomassie Blue 
R-250, 5% acetic acid, and 10% methanol (top panel of Fig. 34) . "C" 
represents the control, and "T" the supernatant of a sample induced 
by 20 nM PMA. This panel shows that MMP-9 is induced in HT1080 and 
5 Pane I. Latent MMP-2 has been detected before induction in Pane I. 
However, this latent form is known to have hardly any gelatinolytic 
activity. As shown in Fig. 34 (lower panel), Pane I infected with 
SeV/F (MMP#2 ) AM-GFP indicated cell fusogenic infection by MMP 
induction. 

10 

[Example 23] Spread of infection with SeV/F (MMP#2 ) AM-GFP in an HT1080 
cell line in vivo: 

HT1080 carcinoma-bearing nude mice were produced. 5x 10 6 cells 
of a human f ibroblastoma cell line, HT1080, (50 |aL of lx 10 8 cells/mL) , 

15 were injected subcutaneously to the right dorsal skin of BALB/c nude 
mice (Charles River) . Seven to nine days later, animals having a tumor 
with a diameter of more than 3 mm were used. The volume of the 
carcinoma, its shape presumed to be elliptical, was 30 to 100 mm 3 . 
Fifty |iL of the following F-cleaved SeV was injected once to the 

20 carcinoma: MEM (control) (N=5); MEM containing SeV-GFP ( lx 10 8 CIU/mL) 
(N= 5); MEM containing SeV/AM-GFP (lx 10 8 CIU/mL) (N= 7); and MEM 
containing SeV/F(MMP#2) AM-GFP ( lx 10 8 CIU/mL) (N=7). Two days later, 
the carcinomas were observed under a fluorescence microscope (Fig. 
35) . Fluorescence is observed only in the area around the injected 

25 site for SeV-GFP and SeV/AM-GFP (Fig. 35E and 35H) . In contrast, for 
SeV/F (MMP#2) AM-GFP, fluorescence was observed to spread throughout 
the entire carcinoma (Fig. 35K) . Enlarged images show fluorescence 
from individual cells for SeV-GFP and SeV/AM-GFP, whereas, for 
SeV/F (MMP#2) AM-GFP, the shape of the cells is unclear, suggesting 

30 fusion of the cells. Furthermore, the area of the entire carcinoma 
and the area of GFP expression in the above pictures were determined 
by NIH image. The proportions of the GFP expression region in the 
entire cancer were 10% for SeV-GFP and 20% for SeV/AM-GFP, and, in 
contrast, 90% for SeV/F (MMP#2 ) AM-GFP, clearly indicating the spread 

35 of infection (Fig. 36) . In tissues other than cancer tissues, cell 
fusogenic infection was hardly observed in the fascia and subcutaneous 
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connective tissues existing at the border to the cancer cells. Thus, 
under these conditions, infection was determined not to spread to 
normal tissues other than cancer tissues. 

5 [Example 24 ] Anti-tumor effect of an F-modif ied M-def icient SeV vector 
on carcinoma-bearing nude mice: 

HT108 0 tumor-bearing mice were produced in the same manner as 
described in Fig. 35. Eight or nine days later, animals having a tumor 
with a diameter of more than 3 mm were selected, and 50 |uL of the 

10 following four kinds of F-cleaved SeV were injected to the cancerous 
site: MEM (N= 5); MEM containing SeV-GFP (lx 10 8 CIU/mL) (N= 5); MEM 
containing SeV/AM-GFP (lx 10 8 CIU/mL) (N= 7); and MEM containing 
SeV/F (MMP#2 ) AM-GFP (lx 10 8 CIU/mL) (N= 7). Two days later, equal 
amounts of SeV were injected again to the cancerous site. The lengths 

15 of the long axis (a), short axis (b) , and thickness (c) of the cancerous 
site was measured every other day. Assuming the carcinoma is an 
ellipsoid, the carcinoma volume V was calculated as V= 7t/6 x abc. The 
carcinoma to which PBS, SeV-GFP, and SeV/AM-GFP were administered, 
respectively, enlarged rapidly. In contrast, 

20 SeV/F(MMP#2) AM-GFP-administered carcinoma, in which the vector had 
spread throughout the carcinoma as shown in Fig. 37, clearly indicated 
no proliferation and remained s.mall. Analysis of significant 
difference by t-test showed that it is significantly smaller compared 
to the other three groups at P< 0.05. This indicates that the vector 

25 has anticancer effect even without therapeutic genes. 

[Example 25] Production and selective infection of an 
F-uncleaved/F-modif ied M-def icient SeV vector: 

In the production procedure of the SeV vector used above, 

30 culture was performed in a medium containing a high concentration 
(7.5 (ig/mL) of trypsin and 50 U/mL collagenase to induce the cleavage 
of F, and the F-cleaved vector was collected (see Examples 17 and 
18) . In the present Example, to accomplish protease-dependent 
selection during infection, an F-uncleaved SeV was produced by 

35 collecting SeV without adding proteases during production. 

Specifically, LLC-MK2/F7/M62/A cells were cultured in a 10-cm 
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dish until confluence. Each of the F-modified M-deficient SeVs 
prepared in Example 17 were infected to cells (MOI= 5) . One hour later, 
the supernatant was removed and washed twice with MEM medium. 4 mL 
MEM was added to the cells and then cultured at 32 °C. Five days later, 
5 the supernatant was collected, and bovine serum albumin (BSA) was 
added to a final concentration of 1%. After measuring the HAU titer, 
the supernatant was stored at -70°C until use. Each of the F-modified 
M-deficient SeVs were collected in the range of 2 7 to 2 10 HAU/mL (1 
HAU= lx 10 6 viral particles/mL, and therefore this corresponds to lx 
10 10 8 to lx 10 9 particles/mL) and were adjusted to lx 10 8 particles/mL 
by dilution. 

The results of this exogenous experiment confirmed the 
production of vectors that infect LLC-MK2 in MMP-dependent and uPA- 
or tPA-dependent manners by SeV/F (MMP#2 ) AM-GFP and SeV/F (uPA) AM-GFP, 

15 respectively (the data of exogenous proteases are not shown) . In 
addition, whether selective infection due to protease expression is 
possible in MMP-expressing HT1080 strain, tPA-expressing MKN28 strain, 
and SW620 which hardly expresses the proteases, was tested by 
endogenous experiments (Fig. 38). SeV/F (MMP#2 ) AM-GFP infects to 

20 MMP-expressing HT1080 strain, but not to tPA-expressing MKN28 strain. 
SeV/F(uPA) AM-GFP infects to tPA-expressing MKN28 strain but not to 
MMP-expressing HT1080 strain. As shown above, each of the SeVs showed 
selective infection in a protease-dependent manner. 

25 [Example 26] F-modified M-deficient SeV vector infection due to MMP-3 
and MMP-7 induction via human fibroblasts: 

SW480 and WiDr were shown to induce MMP-3 and MMP-7, 
respectively, through co-culture with fibroblasts or in vivo culture 
(Kataoka, H. et al., Oncol. Res. 9, 101-109, 1997; Mc Donnell, S. 

30 et al., Clin. Exp. Metastasis. 17, 341-349, 1999) . These cells were 
used to investigate whether infection of F-modified M-deficient SeV 
vector changes in vivo. Each cancer cell line was cultured in a 
96-well plate until confluence (5x 10 4 cells/well) . After washing 
twice with MEM, 50 MEM containing 1 HAU/mL (1 HAU= lx 10 6 viral 

35 particles/mL, and thus, corresponding to lx 10 6 particles/mL) of 
F-uncleaved SeV, was added for infection. .Normal human lung 
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fibroblasts (TAKARA) were added at a concentration of 5x 10 4 cells/well 
to the cells and cultured for four days at 37°C (Fig. 39) . SW480 and 
WiDr were infected by SeV/F (MMP#2 ) AM-GFP, through co-culturing with 
human fibroblasts. Such a phenomenon is not observed in SW620, which 
5 is not inducible. 

[Example 27] MMP-selective infection of an F-modified M-deficient 
SeV vector to human aortic smooth muscle cells: 

Aberrant expression of MMP has been reported in 

10 arteriosclerosis, rheumatoid arthritis, wound healing, in addition 
to cancer (Galis, Z.S., and Khatri, J. J., Circ. Res. 90, 251-262, 
2002; Martel-Pelletier, J. et al., Best Pract. Res. Clin. Rheumatol. 
15, 805-829, 2001) . 

To demonstrate the applicability of F-modified M-deleted SeV 

15 vectors to these diseases, MMP-selective infection of the vectors 
to human aortic smooth muscle cells was directed. Human smooth muscle 
cells (TAKARA) were cultured in a 96-well plate until confluence (5x 
10 5 cells/well) . After washing twice with MEM, 50 |iL MEM containing 
SeV (F-uncleaved form: 1 HAU/mL (lx 10 6 particles/mL) ) was added to 

20 the cells for infection. The equal amount (50 |LiL) of 
protease-containing MEM was added thereto and cultured for four days 
at 37°C. The number of cells expressing GFP per cells in 1 mm 2 was 
counted (Fig. 40) . Infection of SeV/AM-GFP was enhanced only by the 
addition of trypsin, whereas infection of SeV/F (MMP#2 ) AM-GFP was 

25 enhanced by the addition of collagenase, MMP-2, MMP-3, and MMP-9. 

[Example 28] Protease-dependent cleavage of the F protein in 
F-modified M-deficient SeV vectors: 

As shown in Example 20, by incorporating each of the protease 

30 degradation sequences into the F protein, F-modified M-deficient SeV 
vector showed cell fusogenic infection dependent on those degradation 
sequences. Furthermore, whether cleavage of F0 occurs in a 
protease-dependent manner after modification was confirmed by Western 
blotting . Sampling of viruses was performed by the following method. 

35 Three types of viral particles, SeV/AM, SeV/F (MMP#2 ) AM, and 
SeV/F (uPA) AM, were infected at MOI= 3 to M protein-induced helper 
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cells. Two days after infection, the supernatants were collected and 
centrifuged at 18,500 xg for three hours, and the precipitates were 
resuspended in PBS. To each of the virus suspensions, proteases were 
added at final concentrations of 7.5 jig/mL for trypsin, 0.1 ng/mL 
5 for MMP-9, and 0.1 ng/mL for uPA and incubated at 37 °C for 30 minutes. 
Sample buffer was added to each mixture to prepare SDS-PAGE samples. 
SDS-PAGE and Western blotting were performed according to standard 
methods (Kido, H. et al. "Isolation and characterization of a novel 
trypsin-like protease found in rat bronchiolar epithelial Clara cells. 

10 A possible activator of the viral fusion glycoprotein." J Biol Chem 
267 , 13573-13579, 1992) . Rabbit anti-Fl antibody was obtained as 
antiserum by immunization of a mixture of three synthetic peptides 
(FFGAVIGT+Cys : 117-124, EAREAKRDIALIK : 143-155, and CGTGRRPISQDRS : 
401-413; which are SEQ ID NOs: 46, 47, and 48, respectively) . 

15 HRP-labeled anti-rabbit IgG antibody (ICN, Aurola, OH) was used as 
the secondary antibody, and chemical fluorescence method (ECL Western 
blotting detection reagents; Amersham Biosciences, Uppsala, Sweden) 
was used for detecting developed colors. Fig. 41 shows the results 
of treatment with an M-def icient SeV vector comprising unmodified 

20 F (1, 4, 7, and 10), an M-deficient SeV vector inserted with MMP#2 
sequence into F (2, 5, 8, and 11) , and an M-deficient SeV vector 
inserted with uPA sequence into F (3, 6, 9, and 12) with the 
above-mentioned proteases at 37 °C for 30 minutes. 

As shown in Fig. 41, cleavage of Fl occurred, according to the 

25 respective inserted protease substrates, i.e., in the presence of 
trypsin for the M-deficient SeV vector with unmodified F,- in the 
presence of MMP for the M-deficient SeV vector inserted with MMP#2 
sequence into F, and in the presence of uPA for the M-deficient SeV 
vector inserted with uPA into F. Although not shown herein, for the 

30 M-deficient SeV vector into which uPA sequence is inserted, cleavage 
of Fl was observed in the presence of trypsin when the degradation 
time was prolonged to four hours. This agrees well with the results 
of Example 20, and indicates that syncytium formation occurs in an 
F cleavage-dependent manner. 
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[Example 29] Increase of fusibility by cytoplasmic domain-deletion 
of the F protein: 

Infiltration of the paramyxovirus to the host is accomplished 
by the fusion of the viral membrane and the host cell membrane. In 
5 this infiltration mechanism, the HN protein of the Sendai virus binds 
to the sialic acid of the host, and the F protein causes cell membrane 
fusion. During this step, the conformational change of the F protein 
resulting from the binding of HN has been suggested to be important 
(Russell, C.J., Jardetzky, T.S. and Lamb, R.A., "Membrane fusion 

10 machines of paramyxoviruses: capture of intermediates of fusion. " 
EMBO J. 20, 4024-34, 2001) . Therefore, most of the F proteins of 
paramyxoviruses do not show fusogenicity of cells when they are 
expressed alone on cells. Only cells that simultaneously express the 
HN protein have f usiogenicity . The deletion of cytoplasmic domains 

15 within the F and HN proteins in a paramyxovirus is known to increase 
its fusiogenicity (Cathomen, T., Nairn, H.Y. andCattaneo, R., "Measles 
viruses with altered envelope protein cytoplasmic tails gain cell 
fusion competence." J. Virol. 72, 1224-34, 1998) . To determine which 
deletion mutant of the cytoplasmic domain of the F protein in Sendai 

20 virus causes the largest increase in fusogenicity, deletion mutants 
were prepared and inserted into pCAGGS expression vector (Niwa, H. 
et al. r Gene 108, 193-199, 1991). An HN-carrying pCAGGS was 
co-transfected and the resulting fusogenicity was confirmed from the 
number of formed syncytia. 

25 PCR was performed on each of the mutant genes, in which the 

cytoplasmic domain of F had been deleted, using the primers as shown 
below, the resulting fragments were treated with Xhol and NotI, and 
then ligated to the pCAGGS vector. Primers used for PCR were as 
follows : 

30 Fct27 primers (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /SEQ ID NO: 49, 
and 5' -ATAGTTTAGCGGCCGCTCATCTGATCTTCGGCTCTAATGT-3' /SEQ ID NO: 50); 
Fctl4 primers (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /SEQ ID NO: 51, 
and 5' -ATAGTTTAGCGGCCGCTCACCTTCTGAGTCTATAAAGCAC-3' /SEQ ID NO: 52); 
and 

35 Fct4 primers ( 5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /SEQ ID NO: 53, 
and 5' -ATAGTTTAGCGGCCGCTCACCTTCTGAGTCTATAAAGCAC-3' /SEQ ID NO: 54) 
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(Kobayashi M. et al., J. Viol., 77, 2607, 2003). 

To measure cell f usogenicity, LLC-MK2 or HT1080 cells were 
plated onto a 24-well plate to reach confluence. 3 (iL Fugene 6 was 
mixed with 50 jiL Opti-MEM. 2 \xq of each pCAGGS expression plasmid 
5 was mixed with an equal amount of pCAGGS/EGFP, and then added to the 
mixture of Opti-MEM and Fugene 6. After standing at room temperature 
for 15 minutes, this mixture was added to the 24-well plate in which 
the media was replaced with 500 \iL MEM medium. After culturing at 
37 °C under 5% C0 2 for three hours, the medium was replaced with MEM 

10 containing 1% FBS for HT108 0, and MEM containing 7.5 |Lig/mL trypsin 
or a predetermined concentration of type IV collagenase (Clostridium) 
for LLC-MK2. After culturing for 48 hours, the number of fused 
syncytia per xlOO visual field (0.3 cm 2 ) of an inverted microscope 
was counted. Alternatively, the cultured cells were fixed in 4% 

15 paraformaldehyde for two hours, transferred to 70% ethanol and then 
to distilled water, stained for five minutes with hematoxylin, and 
washed with water to count the number of syncytium-f orming nuclei 
in every 0.3 cm 2 . 

Three kinds of amino acid sequences of the F protein in which 

20 the cytoplasmic domain has been deleted are shown in Fig. 42(A) , and 
their fusion activities are shown in Fig. 42 (B) . As indicated in 
Fig. 42 (B) , cells in which only the F protein were expressed did not 
fuse, but co-transfection of HN induced f usogenicity . Furthermore, 
the F protein (Fctl4) having a sequence in which 28 amino acids were 

25 deleted so that the cytoplasmic domain becomes 14 amino acids was 
found to show the highest f usogenicity . 

[Example 30] Drastic increases in fusogenicity caused by the F/HN 
chimeric protein: 

30 The envelope proteins of the paramyxovirus, the F and HN 

proteins form a trimer and a tetramer, respectively, on the cell 
membrane, and are known to interact with each other through their 
ectodomains and M protein (Plemper, R.K., Hammond, A. L . and Cattaneo, 
R., "Measles virus envelope glycoproteins hetero-oligomerize in the 

35 endoplasmic reticulum. " J. Biol. Chem. 276, 44239-22346, 2001). As 
shown in Fig. 42, the F protein alone does not show fusogenicity, 
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and the HN protein is essential for its f usogenicity . Therefore, a 
chimeric protein comprising the F and HN proteins was produced to 
produce vectors having enhanced fusogenicity by simultaneously 
expressing the F and HN proteins as a fusion protein on the same cell 
5 membrane. The F protein is a type II membrane protein and HN is a 
type I membrane protein. Therefore, as shown in Fig. 43(A), the 
chimeric protein (Fctl4/HN) was prepared to form a U-shape on the 
cell membrane and comprise two transmembrane domains. Fctl4 showing 
high fusogenicity was used as the F protein. A linker sequence 

10 consisting of 50 amino acids was inserted between the two proteins 
(Fct 14/Linker/HN) . According to database searches at present, this 
linker sequence does not show homology to any protein. (A non-sense 
sequence synthesized by inverting from the N-terminus to C-terminus 
of the amino acid sequence of the cytoplasmic domain of env of simian 

15 immunodeficiency virus (SIVagm) was used.) 

The method for producing the expression plasmid of the F/HN 
chimeric protein gene is specifically described below. The F/HN 
chimeric protein gene was inserted into the pCAGGS vector. PCRs were 
performed on the F gene and the HN gene, respectively, and the obtained 

20 two fragments were ligated to pCAGGS . During this step, a 150-bp 
linker gene (50 amino acids) was inserted or nothing was inserted 
between the F/HN genes. The sequences of the primers utilized are 
shown below: F gene primers (F-F: 

5' -ATCCGAATTCAGTTCAATGACAGCATATATCCAGAG-3' /SEQ ID NO: 55 and 
25 Fctl4-R: 5' - ATCCGCGGCCGCCGGTCATCTGGATTACCCATTAGC- 3 ' /SEQ ID NO: 56) ; 
Linker/HN gene primers (Linker-HN-F: 

5 ' - ATCCGCGGCCGCAATCGAGGGAAGGTGGTCTGAGTTAAAAATCAGGAGCAACGACGGAGGT 

GAAGGACCAGAGGACGCCAACGACCCACGGGGAAAGGGGTGAACACATCCATATCCAGCCATCT 

CTACCTGTTTATGGACAGAGGGTTAGG-3' /SEQ ID NO: 57) 
30 and HN-R: 5' -ATCCGCGGCCGCTTAAGACTCGGCCTTGCATAA-3' /SEQ ID NO: 58); 

and HN gene primers (5' -ATCCGCGGCCGCAATGGATGGTGATAGGGGCA-3' /SEQ ID 

NO: 59 and 5' -ATCCGCGGCCGCTTAAGACTCGGCCTTGCA-3' /SEQ ID NO: 60). 

As shown in Fig. 43(B) , although a chimeric protein without the 

linker sequence shows low fusogenicity, insertion of a linker 
35 drastically increases the fusion activity to approximately five times 

to that obtained by co-transf ection of the F and HN proteins. 
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[Example 31] Maintenance of the function of fusogenicity and substrate 
specificity: 

In order to acquire fusogenicity, the F protein not only has 
5 to be expressed simultaneously with the HN protein, but also has to 
be cleaved into two subunits (Fl and F2) by a protease. In Figs. 42 
and 43, the fusogenicity is measured in the presence of trypsin, and 
the fusogenicity is completely absent under conditions without 
trypsin. The cleavage sequence of the F protein was modified in the 

10 Fctl4/Linker/HN chimeric protein shown in Fig. 43 so that it acquires 
fusogenicity in an MMP-dependent manner. Many degradation substrate 
sequences of MMP have been reported. Among them, eight kinds of 
sequences were modified. The amino acid sequence of the cleavage site 
was modified as shown in Fig. 44 (A) using QuickChange™ Site-Directed 

15 Mutagenesis Kit (Stratagene, La Jolla, CA) . The sequence of the 
fusion peptide after cleavage by a protease was considered in the 
modification. The N-terminal region of Fl of the paramyxoviral F 
protein, which is called the fusion peptide, is reported to be 
important for its fusion activity, and fusogenicity of the F protein 

20 is sometimes lost by the mutation of amino acids in that region (Bagai, 
S. and Lamb, R.A., "A glycine to alanine substitution in the 
paramyxoviral SV5 fusion peptide increases the initial rate of 
fusion." Virology 238, 283-90, 1997) . Therefore, the sequence of the 
N-terminal region of Fl whose importance has been indicated was left 

25 untouched. In that case as well, when inserting the general 
six-residue sequence known as a degradation substrate of MMP, the 
design of Fl after degradation by MMP involved addition of three 
residues to the N-terminus . This indicates that the addition may 
allow degradation by MMP, but may affect the fusogenicity of the F 

30 protein. Thus, in designing an F protein that undergoes 
MMP-dependent cleavage for activation, following two points must be 
taken into account: (1) substrate specificity by MMP; and (2) 
maintenance of fusogenicity of the F protein after cleavage. 

MMP#1 is most well-known sequence as a synthetic substrate of 

35 MPP. This sequence is also used for targeting other MMPs . MMP#3 and 
MMP#8 are also commercially available sequences as synthetic 
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substrates. The sequence of the degradation substrate, PLGMWS, of 
MMP-2 and MMP-9 were modified to PLGMTS and PQGMTS (SEQ ID NOs : 61 
and 62, respectively) as MMP#2 and MMP#6, respectively, according 
to the consensus sequence, Pro-X-X-Hy- (Ser/Thr ) for MMP-9 which was 
5 revealed by phage display. MMP#5 was constructed as PQGLYA (SEQ ID 
NO: 63) according to the report by Shneider et al. (American Society 
of Gene therapy, Annual meeting No. 1163, 2002, Boston). In MMP#4, 
the sequence of the fusion peptide after degradation is not modified. 
The sequence of MMP#7 was found by a phage display method for MMP-2. 

10 The details of the preparation of expression plasmids that have 

a modified F activation site in the F/HN fusion gene are shown below. 
After constructing the F/HN fusion gene, mutagenesis of the activation 
site of the F protein was performed on pBluescript F/HN . To introduce 
mutation, QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La 

15 Jolla, CA) was used according to the method described in the kit. 
The sequences of synthetic oligos used for the mutagenesis were as 
follows : 
F(MMP#1) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTct TggCCtGggGtt ATTCTTCGGT 
20 GCTGTGATTGGTACTATCG-3' /SEQ ID NO: 64, and 

5 ' -CGATAGTACCAATCACAGCACCGAAGAATaa 

CccCaGGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3 ' /SEQ ID NO: 65); 
F(MMP#2) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCatGaCGAGtTTCTTCGGTGCTG 
25 TGATTGGTACTATC-3' /SEQ ID NO: 32, and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCa tGccAagAggGGCATTTTGTGTCGTA 
TCATTGGTGACAG-3' /SEQ ID NO: 33); 
F(MMP#3) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGtt ATTCTTCGGTGCTG 
30 TGATTGGTACTATCG-3' /SEQ ID NO: 34, and 

5 ' -CGATAGTACCAATCACAGCACCGAAGAATaaCccCaGGccAagAggGGCATTTTGTGTCGT 
ATCATTGGTGACAG-3' /SEQ ID NO: 35); 
F(MMP#4) : 

(5' -CAAAATGCCGGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT- 3 3 ' /SEQ ID NO: 
35 36, and 5' -AATCACAGCACCGAAGAATCcCaACgGGGGAGCACCGGCATTTTG-3' /SEQ ID 
NO: 37); 
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F(MMP#5) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTcagggCttGtat gctTTCTTCGGTGCTG 
TGATTGGTACTATC-3' /SEQ ID NO: 66, and 

5' -GATAGTACCAATCACAGCACCGAAGAAagcataCaaGccctgAggGGCATTTTGTGTCGTA 
5 TCATTGGTGACAG-3' /SEQ ID NO: 67); 
F(MMP#6) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTcaaggCatGaCGAGtTTCTTCGGTGCTG 
TGATTGGTACTATC-33' /SEQ ID NO: 68, and 

5' -GATAGTACCAATCACAGCACCGAAGAA 

10 aCTCGtCatGccttgAggGGCATTTTGTGTCGTATCATTGGTGACAG-3 / /SEQ ID NO: 69); 
F(MMP#7) : (S 7 - 
CTGTCACCAATGATACGACACAAAATGCCctTgcTtaCtataCGgctTTCTTCGGTGCTGTGAT 
TGGTACTATC-3' /SEQ ID NO: 70, and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAagcCGtat aGtaAgcAagGGCATTTTGTGTCGTA 

15 TCATTGGTGACAG-3' /SEQ ID NO: 71); and 
F(MMP#8) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCttGgCGAGaTTCTTCGGTGCTG 
TGATTGGTACTATC-3' /SEQ ID NO: 72, and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAtCTCGcCaaGccAagAggGGCATTTTGTGTCGTA 
20 TCATTGGTGACAG-3' /SEQ ID NO: 73). 

The lower case letters indicates the mutated nucleotides. 
After modification, the sequences were cut out with EcoRI and ligated 
to pCAGGS. 

Each of the vectors comprising the respective sequences and a 
25 vector comprising the EGFP gene (pCAGGS/EGFP) were mixed at equal 
amounts, and the mixture was transfected to HT1080 that highly express 
MMP. As a result, only when the genes of the sequences of MMP#2 and 
MMP#6 had been introduced, cell fusion occurred, and syncytia were 
formed (Fig. 4 (B) ) . These sequences are in common that an Hy-S/T-S/T 
30 sequence (MTS) is added to the N-terminus of the Fl protein after 
cleavage with the protease. Therefore, the addition of the 
Hy-S/T-S/T sequence (particularly MTS sequence) was considered to 
very likely fulfill the requirements (1) cleavage of the F protein 
by HT1080-derived MMP, and (2) maintenance of fusogenicity of the 
35 F protein after cleavage. On the other hand, no cell fusion was 
observed for MMP#1, MMP#3, MMP#4, MMP#5, MMP#7, and MMP#8 at all. 
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Since all the sequences, with the exception of MMP#4, are derived 
from synthetic substrates of MMP and are expected to be cleaved by 
proteases, the peptide of three amino acids added to Fl was suggested 
to limit the activity of the cleaved F protein. Regarding MMP#4, under 
5 this condition, it is highly unlikely that the cleavage itself does 
not take place. While the data is not shown, this is obvious from 
the fact that syncytium formation is observed with MMP#4 due to 
induction of MMP by the phorbol ester in HT1080. 

Furthermore, in addition to the comparison of the fusogenicity 

10 of the sequences of MMP#2 and MMP#6, the MMP concentration-dependent 
cell fusogenicity of a sequence in which the 7th and 12th residues 
from the N-terminus of the fusion peptide sequence of #6 were modified 
from G to A was measured (Fig. 45) . The sequences of synthetic oligos 
used for mutagenesis of this F/HN fusion gene were as follows: 

15 5 ' -CTTCGGTGCTGTGATTGcTACTATCGCACTTGcAGTGGCGACATCAGCAC-3 ' (SEQ ID 
NO: 74) 

and 5' -GTGCTGATGTCGCCACTgCAAGTGCGATAGTAgCAATCACAGCACCGAAG-3' (SEQ 
ID NO: 75) . The lower case letters indicate the mutated nucleotides. 
Preparation of expression plasmids was performed similarly as 

20 described above by, after mutagenesis, cutting out the sequence with 
EcoRI and then ligating to pCAGGS . 

As a result, MMP#6 was found to have two to three times higher 
fusogenicity compared to MMP#2 . Importantly, MMP#6 induces cell 
fusion even under low protease concentration conditions. Namely, 

25 accomplishes activation of the F protein at low concentrations. 
However, when a mutation from G to A, which has been reported as a 
mutation increasing the fusogenicity of the F protein ( Peisa jovich, 
S.G., Epand, R.F., Epand, R.M. and Shai, Y., "Sendai viral N-terminal 
fusion peptide consists of two similar repeats, both of which 

30 contribute to membrane fusion. " Eur. J. Biochem. 269, 4342-50, 2002) 
was further introduced (#6G12A), the fusogenicity decreased to 1/10 
or less. These results revealed that, by simply inserting a protease 
cleavage sequence to modify the tropism by a protease, the activity 
of the F protein cannot be maintained and causes loss of fusogenicity 

35 in most cases. When constructing a virus by introducing an objective 
degradation sequence, the fusogenicity can be confirmed using this 
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system. In addition, since a significant fusion activity is 
exhibited by the Fctl4/Linker/HN alone carried on pCAGGS, 
transfection of this plasmid is predicted to have antitumor effects. 
Moreover, by introducing this chimeric protein into the M-deficient 
5 Sendai virus, further increase of antitumor effects is expected. 

[Example 32] Construction of an improved F-modified M-deficient SeV 
genomic cDNA with increased f usogenicity : 

Examples 29 and 30 showed increases in fusogenicity through the 
10 modification of the F protein carried on the pCAGGS vector. Through 
similar modification of the M-deficient Sendai viral vector, 

preparation of an improved F-modified AM SeV, in which fusogenicity 
is increased, was expected. Gene construction of the improved 
F-modified M-deficient SeV genomic cDNA was performed by the method 

15 as described below. SeV/F (MMP#6) AM-GFP was constructed according to 
the same method as in Example 16 . Mutation of the F gene was performed 

on LITMUSSall/Nhelf rgAM-GFP using the oligonucleotide of SEQ ID NO: 
69, and QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La 
Jolla, CA) according to the method described in the kit. The cDNA 

20 of SeV/F(MMP#6) AM-GFP was constructed by ligating a Sail and 
Afoel-digested fragment of the mutated LITMUSSall/Nhelf rgAM-GFP and 
a fragment comprising the NP gene (obtained by Sail and Nhel digestion 
of the F-def icient Sendai viral full-length genomic cDNA. carrying 
the EGFP gene at the F-deleted site (pSeV+18/F-GFP; Li, H et al., 

25 J. Viol. 74, 6564-6569, 2000; WO00/70070) ) (Fig. 46). Multicloning 
site Sendai viral cDNA (referred to as pSeV(TDK) ) (JP-A 2002-272465) 
was used as the basic framework for the construction of M-deficient 
Sendai virus in which 28 amino acids of the cytoplasmic domain of 
the F protein were deleted (SeV (TDK) /Fctl4 (MMP#6) AM-GFP) and 

30 M-deficient Sendai virus carrying the F/HN chimeric protein 
(SeV (TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) . The M-deficient Sendai 
virus, SeV (TDK) /Fctl4 (MMP#6) AM-GFP, in which the cytoplasmic domain 
of the F protein has been truncated, was constructed as follows . Since 
TDK was used as the framework, firstly, pSeV (TDK) /AM-GFP was 

35 constructed. GFP/EIS (GFP added with the EIS sequence encoding 
transcription initiation and termination signals) was amplified by 
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PCR using synthetic primers (Nhe-GFP-F: 

ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG (SEQ ID NO: 94), and 
GFP-EIS-BssHII: 

ATCCGCGCGCCCGTACGATGAACTTTCACCCTAAGTTTTTCTTACTACGGAGCTTTACTTGTAC 
5 AGCTCGTC (SEQ ID NO: 95)) with LITMUSSall/Nhelf rgAM-GFP as a template . 
Nhel and BssRII treatments were performed on the multicloning site 
of Sendai viral cDNA and the amplified GFP/EIS, and the resulting 
fragments were ligated to substitute the M protein with GFP in order 
to prepare pSeV (TDK) /AM-GFP. 

10 Fctl4(MMP#6) was amplified by PCR with 

pCAGGS/Fctl4 (MMP#6) /Linker/HN prepared in Example 31 as a template, 
using synthetic primers, Mlv-F: ATCCACGCGTCATGACAGCATATATCCAGAG 
(SEQ ID NO: 96) and Fctl4-EIS-SalI : 

ATCCGTCGACACGATGAACTTTCACCCTAAGTTTTTCTTACTACTTTAACGGTCATCT 

15 GGATTACC (SEQ ID NO: 97). The Fctl4 (MMP#6) was inserted into the 
position of F to replace the F gene, resulting in the construction 
of pSeV (TDK) /Fctl4 (MMP#6) AM-GFP (Fig. 46). Next, an M-deficient 
Sendai virus carrying an F/HN chimeric protein 
(pSeV(TDK) /Fctl4 (MMP#6) /Linker /HNAM-GFP) was constructed. GFP/EIS 

20 was amplified by PCR with GFP as a template, using synthetic primers 
(Nhe-GFP-F: ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG (SEQ ID NO: 98) and 
GFP-EIS-Sall: 

ATCCGCTAGCCCGTACGATGAACTTTCACCCTAAGTTTTTCTTACTACGGAGCTTTACTTGTAC 
AGCTCGTC (SEQ ID NO: 99) ) . The GFP/EIS and multicloning site Sendai 

25 viral cDNA were treated with Nhel and Sail. The resulting fragments 
were ligated to delete the M and F genes, and substitute with GFP 
to produce pSeV (TDK) /AMAF-GFP . Fctl4 (MMP#6) /Linker/HN was 

amplified by PCR with Fctl4 (MMP#6) /Linker/HN prepared in Example 31 
as template, using synthetic primers (F/HN5' Nhe-F: 

30 ATCCGCTAGCAGTTCAATGACAGCATATATCCAGAG (SEQ ID NO: 100), and 
F/HN 3' Nhe-EIS-R : 

ATCCGCTAGCACGATGAACTTTCACCCTAAGTTTTTCTTACTACTTTTAAGACTCGGCCTTGCA 
TAA (SEQ ID NO: 101)). pSeV (TDK) /Fctl4 (MMP# 6) /Linker/HNAM -GFP was 
constructed by ligating Fctl4 (MMP#6) /Linker/HN to the Nhel site of 
35 the above-mentioned pSeV (TDK) /AMAF-GFP . 
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[Example 33] Reconstitution and amplification of the improved 
F-modified M-deficient Sendai virus: 

Reconstitution of a virus from the cDNA constructed in Example 
32 was performed according to procedure reported by Li et al. (Li, 
5 H.-O. et al., J. Virology 74, 6564-6569, 2000; WO 00/7007 0) . However, 
since the cDNA was of the M-deficient form as in Example 17, helper 
cells that provide the M protein in trans (Example 11) were used. 
Cre/loxP expression induction system was used for the production of 
helper cells. This system uses a plasmid, pCALNdLw, that is designed 

10 to inducibly express gene products by Cre DNA recombinase (Arai, T. 
et al., J. Virol. 72, 1115-1121, 1988). The inserted gene was 
expressed by infecting a recombinant adenovirus (AxCANCre), which 
expresses Cre DNA recombinase, to the transformant of this plasmid 
by the method of Saito et al. (Saito, I. et al., Nucleic Acids Res. 

15 23, 3816-3821, 1995) ; Arai, T. et al., J. Virol. 72, 1115-1121, 1998) . 
The M-deficient SeV in which the activation site of the F protein 
is substituted was reconstituted as described below. LLC-MK2 cells 
were plated onto a 100-mm dish at 5x 10 6 cells/dish, cultured for 24 
hours, and then infected at room temperature for one hour with 

20 recombinant vaccinia virus (at MOI= 2) expressing T7 polymerase 
(PLWUV-VacT7 : Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 
8122-8126, 1986), which had been treated with psoralen under 
ultraviolet A (365 nm) for 20 minutes. The cells were washed with 
serum-free MEM. pSeV/F (MMP# 6 ) AM-GFP (alternatively, 

25 pSeV(TDK) /Fctl4 (MMP# 6 ) AM-GFP or 
pSeV(TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) , pGEM/NP, pGEM/P, pGEM/L 
(Kato, A. etal., Genes Cells 1, 569-579, 1996), pGEM/M, and pGEM/F-HN 
(Li, H.-O. et al., J. Virology 74, 6564-6569, 2000; WO 00/70070) 
plasmids were suspended in Opti-MEM (Gibco-BRL, Rockville, MD) at 

30 densities of 12 |xg, 4 \xq, 2 \yq, 4 jig, 4 jig, and 4 jig/dish, respectively. 
SuperFect transfection reagent (Qiagen, Bothell, WA) corresponding 
to 5 |LiL per 1 |ig DNA was added to the mixture and mixed. After leaving 
standing at room temperature for 15 minutes, the mixture was 
ultimately mixed to 3 mL of Opti-MEM comprising 3% FBS, added to the 

35 cells, and then cultured. After culturing for five hours, the cells 
were washed twice with serum-free MEM, and then cultured in MEM 
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containing 40 jag/mL cytosine (3-D-arabinof uranoside (AraC: Sigma, St. 
Louis, MO) and 7.5 jig/mL trypsin (Gibco-BRL, Rockville, MD) . After 
culturing for 24 hours, cells continuously expressing the F protein 
(LLC-MK2/F7/M62/A: Example 12) were layered at 8 . 5x 10 6 cells/dish, 
5 and cultured for another two days at 37 °C in MEM containing 4 0 ^ig/mL 
AraC and 7.5 (ig/mL trypsin (P0) . These cells were collected, and the 
pellets were suspended in Opti-MEM at 2 mL/dish. After repeating the 
cycle of freezing and thawing for three times, the lysate was directly 
transfected to LLC-MK2/F7/M62/A, and the cells were cultured at 32°C 

10 in serum-free MEM containing 40 \xg/mL AraC, 7.5 [ig/mL trypsin, and 
50 U/mL type IV collagenase (ICN, Aurola, OH) (only trypsin for 
pSeV(TDK) /Fctl4 (MMP#6) /Linker /HNAM-GFP) (PI) . Three to 14 days 
later, a portion of the culture supernatant was collected, infected 
to freshly prepared LLC-MK2/F7/M62/A, and the cells were cultured 

15 at 32°C in serum-free MEM containing 40 \xq/mL AraC, 7.5 ^ig/mL trypsin, 
and 50 U/mL type IV collagenase (only trypsin for 

pSeV(TDK) /Fctl4 (MMP#6) /Linker /HNAM-GFP) (P2). Three to 14 days 
later, of the culture was infected to freshly prepared 
LLC-MK2/F7/M62/A and the cells were cultured for three to seven days 

20 at 32 °C in serum-free MEM containing 7.5 |ag/mL trypsin and 50 U/mL 
type IV collagenase (only trypsin for 

pSeV(TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) (P3) . The culture 

supernatant was collected, BSA was added thereto at a final 
concentration of 1%, and stored at -80°C. The stock virus solution 

25 was thawed, and used for later production and in vitro experiments. 

As described above, SeV/F (MMP# 6) AM-GFP in which the F protein 
cleavage site was modified from PLGMTS (SEQ ID NO: 61) to PQGMTS (SEQ 
ID NO: 62), SeV (TDK) /Fctl4 (MMP#6) AM-GFP in which 28 amino acids were 
deleted from the cytoplasmic domain, and 

30 SeV (TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP carrying the F/HN chimeric 
protein were successfully produced. 

[Example 34] Increase of fusogenic activity in the improved F-modified 
M-deficient Sendai viral vectors: 
35 In order to investigate the performance of the viruses produced 

in Example 33, various cancer cell lines having different expression 
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levels of MMP-2 and MMP-9, and LLC-MK2, in which MMP expression is 
not detected, were infected as described below, and the cell 
fusiogenicities of the vectors were measured (Fig. 47) . Each of the 
cancer cells (HT1080, U87MG, A172, U251, SW480, and LLC-MK2) was 
5 plated onto a 24-well plate with a media indicated by the supplier 
to be confluent. U87MG (ATCCNo. HTB-14) and A172 (ATCCNo. CRL-1620) 
were purchased from ATCC. U251 (IFO50288) was purchased from JCRB 
cell bank. After washing twice with MEM medium, each of the 
M-deficient Sendai viral vectors (SeV/AM-GFP) was infected at MOI= 

10 0.1. The cells were left standing at room temperature for one hour 
and washed with MEM medium, and then 0.5 mL of MEM containing 1% FBS 
was added to the 24-well plate. After culturing for 48 hours, the 
number of fused syncytia per X100 visual field (0.3 cm 2 ) of an inverted 
microscope was counted. Alternatively, the cultured cells were fixed 

15 in 4% paraformaldehyde for two hours, transferred to 70% ethanol and 
then to distilled water, stained for five minutes with hematoxylin, 
and washed with water to count the number of syncytium-f orming nuclei 
in every 0.3 cm 2 . The results are shown in Fig. 49. 

The expression of MMP-2 and MMP-9 was confirmed by gelatin 

20 zymography performed in Example 22 (Fig. 48) . As a result, expression 
of MMP-2 in HT1080, U87MG, and A172 was confirmed. Furthermore, low 
level of MMP-9 expression was confirmed in U251 and SW480. The 
apparent expression of MMP-2 in LLC-MK2 is due to the activity of 
MMP-2 in the 1% serum contained in the medium. Two days after 

25 infection of each of the cancer cell lines, the spread of GFP was 
observed. As a result, fusogenic activity was observed in U251 and 
SW4 80, which did not show the spread of infection with the conventional 
SeV/F (MMP#2 ) AM-GFP, infected with the improved F-modified 
M-deficient Sendai viral vector. In particular, those infected with 

30 the M-deficient Sendai viral vector carrying the F/HN chimeric protein 

(SeV(TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) showed fusogenic activity. 
Although data is not shown, murine Lewis lung carcinoma and murine 
colon-26 carcinoma as well showed fusogenic activity due to infection 
with improved M-deficient Sendai viral vectors. The improvement of 
35 vector is expected to effect to further enhance the effect and exhibit 
effect on cancers with low concentration of MMP. 
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Industrial Applicability 

The present invention provides vectors that specifically spread 
infection in the presence of an objective protease. The vectors of 
5 the present invention do not show significant production of virus-like 
particles, and are transferred to neighboring surrounding cells only 
by cell fusion. Therefore, the vectors of the present invention are 
useful for infecting vectors locally to a limited area of the tissue 
of interest. In particular, the present invention provides vectors 
10 that specifically spread their infection to cancer. These vectors 
have strong inhibitory effects on tumor proliferation. Gene therapy 
for cancer using the vectors of this invention is very likely to become 
a novel cancer treatment with little side-effects. 
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CLAIMS 

1. A complex comprising a genomic RNA of paramyxovirus wherein (a) 
a nucleic acid encoding an M protein is mutated or deleted, and (b) 

5 a modified F protein, whose cleavage site sequence is substituted 
with a sequence that can be cleaved by a protease that does not cleave 
the wild-type F protein, is encoded, said complex further comprising 
the following properties: 

(1) the ability to replicate the genomic RNA in a cell to which 
10 the complex has been introduced; 

(2) a significant decrease in or lack of production of viral 
particles in the intrahost environment; and 

(3) the ability to introduce the RNA into a cell that contacts 
with the cell transfected with the complex in the presence of the 

15 protease . 

2. The complex of claim 1, wherein said complex is a viral particle. 
3 . The complex of claim 2 , further comprising the wild-type F protein . 

20 

4. The complex of any one of claims 1 to 3, wherein the paramyxovirus 
is Sendai virus. 

5. The complex of any one of claims 1 to 4, wherein the protease is 
25 a protease whose activity is enhanced in cancer. 

6. The complex of any one of claims 1 to 5, wherein the protease is 
a matrix metalloproteinase or plasminogen activator. 

30 7. The complex of any one of claims 1 to 6, wherein the sequence 
cleaved by the protease comprises Pro-Leu-Gly, Pro-Gln-Gly, or 
Val-Gly-Arg. 

8. The complex of any one of claims 1 to 7, wherein a cytoplasmic 
35 domain of the wild-type F protein is partially deleted in the modified 
F protein. 
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9. The complex of any one of claims 1 to 8, wherein the modified F 
protein is fused with an HN protein. 

5 10 . A method for producing a viral particle which comprises a genomic 
RNA of paramyxovirus wherein (a) a nucleic acid encoding an M protein 
is mutated or deleted, and (b) a modified F protein, whose cleavage 
site sequence is substituted with a sequence that can be cleaved by 
a protease that does not cleave the wild-type F protein, is encoded; 

10 wherein the viral particle: (1) has the ability to replicate the 
genomic RNA in a cell to which the viral particle has been introduced; 
(2) shows a significant decrease in or lack of production of viral 
particles in the intrahost environment; and (3) has the ability to 
introduce the genomic RNA into a cell that contacts with the cell 

15 transfected with the viral particle comprising the genomic RNA in 
the presence of the protease; said method comprising the steps of: 
(i) amplifying RNP, which comprises the N, P, and L proteins 
of the paramyxovirus and the genomic RNA, in a cell expressing 
wild-type M protein of paramyxovirus; and 

20 (ii) collecting viral particles released into the cell culture 

supernatant . 

11 . A method for producing a viral particle which comprises a genomic 
RNA of paramyxovirus wherein (a) a conditionally mutated M protein 

25 is encoded, and (b) a modified F protein, whose cleavage site sequence 
is substituted with a sequence that can be cleaved by a protease that 
does not cleave the wild-type F protein, is encoded; wherein the viral 
particle: (1) has the ability to replicate the genomic RNA in a cell 
to which the viral particle has been introduced; (2) shows a 

30 significant decrease in or lack of production of viral particles in 
the intrahost environment; and (3) has the ability to introduce the 
genomic RNA into a cell that contacts with the cell transfected with 
the viral particle comprising the genomic RNA in the presence of the 
protease; said method comprising the steps of: 

35 (i) amplifying RNP, which comprises the N, P, and L proteins 

of the paramyxovirus and the genomic RNA, in cells under permissive 
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conditions for the mutant M protein; and 

(ii) collecting viral particles released into the cell culture 
supernatant . 

5 12. The method of claim 10 or 11, wherein step (i) is performed at 
35°C or below. 

13. The method of claim 10 or 11, further comprising the step of 
presenting the protease that cleaves the modified F protein during 

10 at least either of step (i) or (ii) ; or the step of treating the viral 
particle collected in step (ii) with the protease. 

14. The method of claim 10 or 11, further comprising the steps of 
expressing the wild-type F protein of paramyxovirus in the cell during 

15 step (i); and presenting the protease that cleaves the wild-type F 
protein during at least either of step (i) or (ii) ; or the step of 
treating the viral particle collected in the step (ii) with the 
protease . 

20 15. A therapeutic composition for cancer comprising the complex of 
claim 5 and a pharmaceutically acceptable carrier. 

16. A recombinant modified paramyxoviral F protein comprising 
Pro-Leu-Gly, Pro-Gln-Gly, or Val-Gly-Arg at the cleavage site, and 

25 showing cell fusogenicity in the presence of matrix metalloproteinase 
or plasminogen activator. 

17. A nucleic acid encoding the protein of claim 16. 

30 18. A viral particle comprising the protein of claim 16 or a nucleic 
acid encoding the protein. 

19. A fusion protein having cell fusogenic activity and comprising 
the transmembrane regions of the paramyxoviral F and HN proteins, 
35 wherein the proteins are bound to each other on the cytoplasmic side. 
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20. The fusion protein of claim 19, wherein the sequence of the 
cleavage site of the protein is substituted with a sequence that is 
cleaved by a protease that does not cleave the wild-type F protein. 

5 21. A nucleic acid encoding the protein of claim 19. 

22. A vector comprising the nucleic acid of claim 21. 

23. A viral particle comprising the protein of claim 19 or a nucleic 
10 acid encoding the protein. 
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ABSTRACT 

The present invention provides cell fusogenic vectors having 
replicative ability, whose protease-dependent tropism has been 
5 modified. M gene-deficient viral vectors encoding modified F 
proteins, in which the cleavage site of the F protein of paramyxovirus 
is modified to be cleaved by different proteases, were produced. In 
cells transfected with these vectors, the genomic RNA present in the 
vectors is replicated, and cell fusogenic infection spreads to 
10 neighboring cells depending on the presence of other proteases; 
however, no viral particles are released. The vectors of this 
invention, encoding the F proteins which are cleaved by proteases 
whose activity is enhanced in cancer, show cancer growth suppressive 
effect in vivo. 
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